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ABSTRACT 


Neutralization of bacteriophage T4 with monovalent 
antibody fragments proceeds With apparent two-target 
kinetics. The effect of such neutralization on the normal 
adsorption characteristics of phage suggests the formation 
of a slower adsorbing class results from a single tail 
fiber-Fab' interaction. The resulting adsorption profiles 
are consistent with those predicted for a mixture of fast 
(P°) and slow (PP!) adsorbers. The concentrations of each 
class are predictable from a Poisson distribution of the 
different neutralizing Fab' dosages over the input phage 
population. These changes in adsorption are not due to 
reformation of the fast adsorbing class through dissociation 
of the [ Fab'-phage] complex, since the observed rate of 
dissociation could not account for adsorption of the P! 


class. 


Evidence further supporting this model arises from 


changes in adsorption characteristics OL in Viera 
complemented fiberless T4 Ppartacles. Adsorption 
characteristics of particles in different stages of 
activation again suggest a mixture of fast and slow 
adsorbing phage, each possessing identical adsorption 


Characteristics of the P® and P! classes, respectively. 
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These observations are compatible with the concept 
functional inactivation of a single fiber imposed by 
"hit". Although further insight into the molecular basis 
this "hit" was not obtained from blocking experiments, 


tail fiber antigens coded in genes 34 and 37 appear to 


of 


one 


of 


the 


play 


the largest role in blocking specific neutralizing antisera. 
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INTRODUCTION 


Bacterial viruses, by virtue of their biological 
"simplicity", have proven invaluable in numerous types of 
investigations. Antibody neutralization of bacteriophages 
has provided many versatile models with which to study 
biological multi-component reactions. The model for 
neutralization of T4 is one of the more complex, because of 
the numerous antigenically and functionally different 
structures of this particular phage. The importance of 
understanding not only the kinetics, but the mechanisms 
involved in phage neutralization can be evidenced by its use 
aS an extremely sensitive biological assay of specific 
antibody concentrations (Makela, 1966; Haimovich and Sela, 
1969; Blakeslee, eksal. , 19733; Hornick and Karush,;,1969; 


Barber and Rittenberg, 1969). 


Inactivation of phage by antibodies normally proceeds 
via a first order or single-hit mechanism (Hershey, 1941; 
Cann and» Clark, 1954; Jerne and Skovsted, 1953). The 
importance of antibody bivalence, together with the 
monogamous interaction of IgG with phage, offers the most 
Satistactory explanation for this farst ordér process of 
guactivation to date (Blank, et. al. , 1912; Dudley, set. 


als), 19/0; Klinman, Gteal. , 1967; Witte and SLObAn sto 72))« 


Recent advances in molecular biology and 


immunochemistry have led to a greater understanding of not 
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only the basic kinetic interpretations of the system, but 
also to the deviations from first order which accompany 
extremes in phage or antibody concentrations (Hale, et.al. 
1969)". Vargues and Vollet (1973) have reviewed the 
development of immunological Kinetics, outlining 
chronologically the Significant ideas and proposals 
concerning phage neutralization. Observations ranging from 
initial pseudo-first order kinetics to collision theory and 
critical binding site predictions are correlated with the 


Mathematical derivations in their review. 


Deviations from first order neutralization kinetics (in 
the case of the T-even phage) have previously been 
attributed to phage and antibody heterogeneity. Such 
deviations are not usually evident over several orders of 
magnitude of antibody concentration, as neutralization 
curves are reproducibly proportional over such limits. A 
Significant reduction in the complexity of the system 
(neutralization of the T-even phages) was established upon 
finding that only anti-tail fiber activity was responsible 
for all or most inactivation (Franklin, 1961; Edgar and 
Lielausis, 1965; Stemke, et.al. , in press). Antibodies to 


other antigenic structures on the phage do not play a 


significant role in neutralization. 


Numerous workers have used monovalent antibody 


fragments produced from enzymatic digestion of IgG _ to 


elucidate further the mechanism of phage neutralization 


Tae ve 
. ' a: : 
RR a ede 
hie dense ste Da diachaeniie 


7 
I 


aa 
a 
: 9 ar hae “@) & & ce. * om =e : 
: i . 
_— ‘” Ss C) i 
4 y ogee rte 7 7h. 1S 4% ( aly ee eG . | 4 DP 
‘ ; A . 
ena r ' i ¢ ey i tay? hae ' 


(Dudley, et. al. , 1970; Goodman and Donch, 1964, Stemke, 
1969; Klinman et.al. , 1967). These monovalent fragments 
demonstrate very different neutralization kinetics, and have 
iead fovan hypothesis in which inactivation results fron 
multiple independent interactions between phage and 
neutralizing agent. These kinetics are distinct from the 
monogamous binding effects evident from neutralizing studies 


employing divalent IgG (Goodman and Donch ,1964; Stemke, 


tooo he oh es lo) i 


One notable difference in this system is the decreased 
effectiveness of the monovalent fragments in neutralizing 
phage as compared to that of divalent antibodies. Only 10 
to 20% of the neutralizing activity of IgG remains after 
digestion and reduction, but no significant change is 
observed in affinity of the individual combining sites 


(Goodman and Donch, 1964; Stemke, 1969). 


Characteristic of these studies employing monovalent 
fragments in neutralization is the observation of a distinct 
lag in the inactivation curve. This lag preceeds the 
typical exponential decrease in phage titer in the kinetic 
assay normally used. Such a lag is a resuit of multiple 
combinations of fragment with phage being required for 
neutralization, and has led to a two-target hypothesis for 
neutralization of phage by monovalent antibody molecules 


(Stemke, 1969). 
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the imteraction of TH) with “neutralizing antibcdies 
presumably affects the adsorption of the phage to its host, 
thus preventing infection of the bacterium (Lanni and Lanni, 
19533> Franklin, 19613" Nagano, et.al. 7 1956). Adeoerpticn 
kinetics of untreated phage indicate an initial first order 
reaction, characteristic of diffusion controlled processes, 
but the adsorption curve rapidly deviates from linear 


exponential kinetics. 


Several models for the mechanism of adsorption of T4 
have been proposed (Gamow, 1969). Evidence supports the 
idea that formation of an initial reversible complex between 
phage and host, followed by irreversible decay of the 
complex to an infected bacterium are the major steps in the 
mechanism. The question still remains as to the precise 


number of fibers required for adsorption, however. 


This {reversible-complex] model for adsorption offers a 
means to examine the Fab'-effected neutralization process by 
allowing the prediction of an intermediate adsorbing class 
of phage which exhibits less efficient adsorption 
characteristics than the untreated phage. Further 
explanations outlining this adsorption and neutralization 


model will follow in various parts of the text. 


One important question imposed by the multi-target 


hypothesis of Fab' neutralization is that of the actual 


target of the inactivating molecule. In divalent IgG 
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neutralization, the role of bridging of two fibers or 
inactivation of only a single fiber as the explanation for 
inactivation has not been clarified. Binding of the 
monovalent antibody to a single fiber would possibly 
agnteriere “with the functional integrity Gf that Fiber with 


respect to its role in adsorption. 


It has been established that the effects of 
dissociation of the divalent agent are insignificant in the 
neutralization of phage (Bowman and Patnode, 1964; Krummel 
and Uhr, TIGS)e Thus, the divalent nature of IgG 
contributes significantly to the stability of the phage- 
antibody complex (Karush, 1970). Use of the monovalent 
fragment would result in an increase in the rate of 
dissociation of the complex. This dissociation would 
further complicate any mathematical solutions to the 


kinetics. 


Since neutralization of phage by either divalent 
antibody or monovalent antibody fragments presumably is due 
to impairment of phage-bacterial adsorption, one should 
examine the state of knowledge of the “organs" of such 
interactions, the tail fibers. Much of this knowledge has 
been acquired by the use of conditional lethal mutants of 
the T-even phages (Epstein, et. al. , 1963). A further 
explanation of this portion of the study will follow a brief 
explanation of nonsense mutations and their use in deriving 


the different antigenic regions of the tail fibers of T4. 
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The mechanism of such conditional lethal nonsense 
mutations has been well documented (Garen, 1968; Zipser, 
19693). Chain termination at the site of the mutation in the 
phage genome arises from the non-translatable nature of the 
nonsense codons in these conditional lethals. The presence 
of suppressor genes in the permissive (i.e., non-lethal) 
host bacteria, however, permits these codons sore) be 
translated. The nature of the suppression of the nonsense 
codon involves the synthesis of altered tRNA molecules in 
the Sut host. These altered tRNA'S can recognize the 


nonsense triplet. 


In amber mutants, the nonsense codon consists of the 
UAG triplet. This triplet can only be read in the Su+ host 
( E. coli CR68 in this study), whose suppressor tRNA can 
insert an amino acid (e.g., serine) at the site of the 
mutation. Such an insertion does not normally alter the 
function of the gene product significantly, unless the 
insertion is at a highly critical site in the polypeptide. 

Thus, near normal burst size and viability is maintained on 
the permissive host. Under Su- conditions ( E. coli B/1), 
the mutant gene product is essentially absent in lysates 


(for example, a specific enzyme or structural component of 


the phage). 


There are, however, secondary effects imposed on this 


interpretation of amber mutants. Some of these are 


Characteristic of most amber mutations, and some are highly 
specific to the fiber cluster of the T4 genome. These 
secondary effects are paramount to the questions asked in 
this thesis concerning the blocking power of lysates 
prepared from tail fiber mutants, grown on the restrictive 
host. Further explanations and interpretations will be left 
for the discussion of observations of serum blocking power 


of the lysates examined. 


A great deal of work has been carried out on phage Tu 
tail fiber structure and function in the past decade. 
Initially, the aim of such research was to understand the 
overall morphological nature of fiber morphogenesis and 
fiber addition ‘to precursors. Serological analysis has 
proven invaluable in the majority of these investigations, 
and the fiber antigenic structure, even tc gene product 
subdivision, has been well documented in the past few years 
(Yanagida and Ahmed-Zadeh, 19703; Beckendort, 19732: Ward, 


eteals)),°1970; King<and Wood, 1969). 


Edgar and Lielausis (1965) showed the existence of 
three antigenic components of T4 tail fibers, and postulated 
their importance in neutralization. This classification of 
the A, B and C antigens has been maintained since then, and 
correlated further to include gene product identification, 
characterization, and, most recently, complete isolation 


(Eiserling, st.als,, 1967; Imada and Tsugita, 1970, 1972a,b; 


Beckendorf, 1973). The composition of the fiber wiil be 
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reviewed briefly to establish a basis °for’ farther 


examination of the neutralization process at the gene 


product level. 


Each of the six fibers is composed of two rod-shaped 
half-fibers, each about 700 Angstroms long and 45 Angstroms 
in diameter, joined end to end at an angle of 160 degrees 
(Ward, et.al. , 1970). Each half-fiber is under different 
RULEAgenicG “control. The genes directing the synthesis and 
composition of the whole fiber are located within a cluster, 
except for gene 57 (required for synthesis of all three 
antigens located on the whole fiber, but its product is not 
included structurally). (Edgar and Lielausis, 1965; Wilhelm 
and Haselkorn, 1971b). The genes found within the cluster 
are numbered 34 through 38, inclusive, and have been shown 
to be co-transcribed in two divisions, genes 34 and 35 and 
genes S36 “through 38 (Stahl, etval. , 1970). The proxinal 
half-fiber contains the A antigen, and is composed of two 
copies of the product of gene 34 (Takata and Tsugita, 1970). 
Tt is characterized as rod-shaped, with a small Knob or 
protrusion on one end, supposedly which plays a role in 
binding the half fiber to the baseplate. This proximal half 
contains the largest single antigenic structure of the tail 


fiber. The gene 34 product has a molecular weight of about 


130,000. 


The distal half-fiber is antigenically more complex 


than the A half-fiber. The largest antigen in this half is 
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the C antigen, composed of two copies of the gene 37 product 
(molecular weight 105,000), but requiring genes 57 and 38 
for its synthesis (King and Laemmli, 1971; Ward and Dickson, 
1971). The gene 37 product has been identified and isolated 
either as a 425 Angstom fragment (King and Laemmli, 1971) or 
as a 560 Angstrom fragment (Imada and Tsugita, 1970; Ward, 
et. ei, feta). Such differences appear to be of 
importance in the final morphogenic pathway of the distal 
half-fiber. The C antigen has been further categorized into 
4 functionally and antigenically distinct sub-components, 
each being well-defined to the T4 system alone or cross- 
reacting With T2 (Beckendorf, 1973). its primary function 
prior to completion of the whole fiber is to act as a 


substrate for the B antigen (gene 36 product, molecular 


weight 24,000) to form the BC antigen (Wood, et. ata, 
1968; King and Laemmli, 1971). 
This BC antigen, although structurally and 


antigenically complete as the half fiber, must be further 
activated by interaction with the gene 35 product (40,000) 
to form the BC' antigen (King and Wood, 1969; Eislering and 
Dackson, “T972):. This completed half-fiber, the BC half, 
can then join spontaneously with the A half-fiber to form 
the completed fiber. This completed fiber requires the 
action of gene 63 prior to its binding to the baseplate of 


the phage particle (Wood and Henninger, 1969). 


Of significance in this description are the functions 
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of some of the structural components of the fibers, in both 
morphological and adsorption processes. The gene 37 product 
appears to be the site of host range mutations. 

Specifically, a small portion of the gene 37 product, the d 
portion, appears as the primary site of these host range 
mutations, since these mutations map at tightly linked sites 
Within this segment (Beckendorf, 1973). The function of 
segment d- is two-fold; interaction with the specific 
receptor on the bacterial surface, and interaction with gene 
product 38 in the morphogenisis of the half fiber. The 
other 3 segments of gene product 37 in T4 are cross-reacting 
with T2, and indicate a lack of divergence of the amino- 
terminal region of this gene product polypeptide between the 


two phage strains (Beckendorf, 1973). 


Orientation of the gene 37 product within the distal 
half fiber is thought to be linear with its amino-terminus 
near the fiber joint and its carboxy-terminus near _ the 
distal tip. The B antigen is located near the junction of 
the proximal and distal half fibers. This B antigen, 
however, must be assymetric due to its bifunctional nature 
as well. These two functions include its proximal end 
interaction with the distal half fiber, and its distal end 
interaction with the gene 37 products. The gene 35 product, 
though required for half-fiber completion prior to junction, 


add= no discerniblevantigenic activity to the distil-half 


fiber. 
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Numerous complexities are apparent as to the specific 
roles of each of the fiber antigens in neutralization due to 
their roles in the adsorption process. In opposition to 
their roles in adsorption, thus limiting their individual 
contribution to neutralization, is the immunogenicity of 
each antigen. This term implies the availability and 
capacity of each fiber antigen to induce antibody formation. 
Also in question for each of the antigens is the ease of 
accessibility for competition in the specific antibody- 
antigen reaction. Thus, to fully understand the complete 
neutralization phenomenon, examination of the antigenic and 
structural complexities of each of the antigens, together 
with characterization of their respective antibody 


populations will be reguired. 


Indirect evidence in support of the multi-target model 
of phage neutralization by Fab' and its effect on adsorption 
of partially neutralized phage could possibly arise from the 
duplication of such changes by a different method. Since 
binding of a single Fab' molecule to a fiber might be 
expected to inactivate that fiber, an opposite approach to 
the problem offered an opportunity to impose similiar 
restrictions on phage adsorption. Therefore, by adding 
active fibers to fiberless T4 phage particles, prepared from 
an amber conditional lethal mutant, one would obtain a mixed 


population of phages which possessed different numbers of 


fibers. The two final stages in fiber attachment would then 
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represent the classes of phage produced by Fab! 
neutralization; the second last stage being comparable to 
those phage with one Fab" molecule bound, and the final 
activated phage being comparable to those phage with no 


fragments bound. 


In addition to the mutant used in the preparation of 
fiberless particles, this study has made use of several 
other amber mutants. These mutants have facilitated the 
examination of the adsorption characteristics of both 
modified and unmodified phage, by permitting the use of a 
kinetic assay of phage remaining free in solution in the 
presence of host bacteria. Such a scheme will be fully 
explained later, but essentially the adsorption of the amber 
mutant onto its restrictive host permits differentiation of 
phage adsorbed at any given time from those phage either 
remaining free at the time of sampling, or arising from the 
dissociation of the phage-bacterial complex. Any phage 
reaching the infected non-permissive bacterium stage is lost 


to the assay, since plague formation cannot ensue. 


The investigations described here should be summarized 
briefly to indicate which level of the phenomenon has been 
examined. Of primary significance is the interaction of the 
monovalent antibody fragment, Fab", with phage T4, and its 
interference with normal adsorption of the phage to the host 
bacteriun. A model has been established for such a 


modification, and consistent values for rate constants 
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describing the model were found from experimental data 
examining several basic parameters. These parameters 
include the effects of bacterial concentration, fragment 
dosage, and fragment dissociation. Further support for the 
hypothesized model was established by examining incomplete 
phage with respect to their adsorption characteristics. 

These experiments are presented in part I of the Results 
section which follow, together with electron microscopic 
attempts to validate some of these ideas upon which the 
model was based. Also presented in part I of the results 
are the adsorption characteristics of the amber mutants used 


in the second section. 


Experiments which examined the roles of individual 
fiber antigens in the neutralization process are included in 
part if of the results. Such experiments attempted to 
correlate fiber antigen concentration with individual sera- 
neutralization blocking ability. Results of this portion of 
the study indicate no major differences in such blocking 
activity, but limitations of the technigues used in these 
experiments can account for the similiarities observed for 


most blocking antigens. 


wr a) ee lesee 

SL ee 
a ee ee a ns 
wlume At! ‘ 
ye 

ots fee - j 

ee 

" 4 iq 

aah 

ok te 

a4 

<BAP™ Fh UF 


io a a Vipitd: 
One ser" , 


Co 7 


me 


Of 


-s pe ane ks 
aha a 48) aah ipverom: be ‘wie « 
< «@®' ’ 


bes dered Apepeys hi 
«a8 | 


: io 


a» | } 


ue Ade Lenga® 


af 


vaoehé 449 


4G tan ys. : 


ma 


- yw | 
« asee . 


: co 


ln ple 29 
iu? o's 


A a I 


7? 
lena O98 E 
“Te 


eee Ld 
Oct 


14 


a. PHAGE AND BACTERIAL STOCKS 


Wild type bacteriophage T4 was a laboratory strain. 
Amber mutants were obtained from Dr. E. Kellenberger and 
Drs hao Hdgdr, and are described in Table =F. Amber 
mutants are able to form plaques on the permissive host 
Escherichia coli CR63 but not on the restrictive host E. 
coli B/1. These hosts have been described elsewhere (Wood, 
et. ale ,1968). Amber mutant stocks not associated with 
fiber antigen studies are marked "N/A" under the "POSITION" 


colunn an Table I. 


Double and triple amber mutants were constructed by Ms. 
A. Rogers from defined Single amber mutants by 
recombination. Their compositions were checked by simple 
complementation of plaque isolates on the restrictive host. 
Complementation tests on the laboratory stocks were carried 
out using parental amber mutants stored in phage buffer 
under chloroform, and were checked every few months for 
reversion rates. 


b. TERMINOLOGY AND DEFINITIONS. 


Amber mutants are designated by the number of the gene 
which carries the mutation. Defective mutant lysates are 
identified in the same manner. Mutant lysates always infer 


phage production on the restrictive host. They are also 
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referred to as phenotypic’ lysates , or lysates which lack 


the. gene product in which the amber mutation Ties: Phage 


grown on permissive host are sometimes termed genotypic 


Multiplicity of Infection (M.0.I.) in reference to 
infection schemes indicates the ratio of phage to bacteria, 
rather than the classical definition of the number of phage 
adsorbed per bacterium. The terms adsorption and absorption 
are used throughout the text and require clarification as to 
their meanings. Adsorption infers a surface phenomenon ofr 
interaction, as in "phage adsorption to bacterial cell 
walls". Absorption differs from its regular meaning in that 
it infers a removal of specific material from a suspension 
or solution, rather than the distinction of the material 
becoming an integral part of the structure. Two examples of 
its use in the text would be " E. coli were used to absorb 
contaminating fibered particles from a suspension of 


partially purified fiberless particles", and, ™ Anti-T4 


antiserum was absorbed with a phage lysate". 


Complementation in reference to phage stock assays 
indicates complementation at the in vivo level (simultaneous 
infection of a cell by phage mutants of two or nore 
different genotypes). Complementation of non-viable phage 


particles infers in vitro complementation (structural 


components interacting prior to infection of a permissive 
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host). Complemented phage in both senses of the word carry 
the original amber genotypes. A few progeny in the first 
case carry wild type genotypes, since recombination can 


occur to a limited degree. 


Titer can also be used in two frames of reference. 
With respect to phage neutralization, it is normally 
associated with an exponential process of phage inactivation 
by antiserum and is indicative of the activity associated 
with a given antiserum. Titer is also used to indicate the 
number of viable plaque forming phage (PFU's), normally 


expressed as concentration in PFU's/nml. 


IgG is a divalent immunoglobulin of molecular weight 
150,000. It can be degraded by proteolytic enzymes to yield 
Fabs and’ ere, Gor F(abt)=: Fab and Fab' contain a single 
combining site of the IgG molecule, differing only ina few 
amino acids due to the point of fragmentation specified by 
the enzymes used in IgG degradation. F(ab')2, produced by 
pepsin digestion, must be reduced and alkylated to yield the 
monovalent Fab! molecule. Fab, on the other hand, is 
produced along with the Fe fragment directly by degradation 


with papain. 


The term hit indicates one combination of a fragment 
and phage at a critical site with respect to the adsorption 
process. When the term ratio is used in reference to Fab' 


inactivation of phage, it infters the ratio {PCs ({POrPe)} . 
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po represents the zero-hit fraction of phage and P! 


represents those phage with one hit. 


mentation of fiberless T4 particles, the ratio {C9:(C%+C1)} 
is inferred. C° represents the fully activated particles , 
or those particles with a full complement of fibers. ci 
represents those particles which behave as if they possess 
one less fiber than the fully-activated fraction OF 


complemented phage. 


Each mechanism infers only two adsorbing classes of 
phage being involved in plague formation. PO “and. FCe 
represent phage which are "normal" adsorbers with the same 
adsorption characteristics as the amber mutant am N122. 
This mutant has been shown to adsorb like wild type T4 by 
Stemke, et. al. , (in press). Pt! and Ct represent slower 


classes of adsorbers, whose adsorbing characteristics will 


be presented in Results. 


The term hit-eguivalent is useful, therefore, only for 
the correlation of the two mechanisms in that it determines 
the relative concentration of fast and slow adsorbers in the 
viable phage in both the Fab' inactivating process and _ the 
fiberless particle activation process. Both mechanisms 
involve modification to the normal adsorption 


characteristics of phage. 


Two other classes of adsorbers are defined in the 
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general» characteristics of the amber stocks. These are used 
only to normalize the infection schemes of the different 
ambers to quantitate the fiber-antigen deficient lysates in 


Part Fi of the results. 


Rate constants describing each of the adsorption 
schemes (either Fab'-treatment or in vitro complemented 
phage) are identified by their superscripts; the first 
Superscript distinguishes which class of adsorber is being 
referenced, and the second indicates which rate constant in 
the process is implied. As an example, K#23 represents the 
rate constant for the irreversible decay of the Fab'-phage- 


bacterial complex to an infected bacteriun. 


This designation does not imply the first class rate 
constants (i.e., K11, kK12, and K!3) being those of the P! or 
C1 class, nor the second class rate constants (i.¢e., kK#!, 
K22 and K23) being those of the P2 or C@ class of adsorbers. 
Superscripts 4 and #?, in describing the rate constants of 
the two classes, are used for simplification of trate 
constant designation, not in identifying the first class as 
a one-hit class (or incomplete phage in the fiber addition 
model), nor the second as a neutralized (two-hit) phage 


class. 
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Media and buffers used were: 

1. Nutrient broth-phosphate (NB-P). 

2. Tryptic soy broth-yeast extract (TSB-YE). 

3. Fraser Medium. 

4, M-9 Medium. 

5. Phage buffer. 

6. Phosphate buffered saline (PBS). 

7. Phosphate buffer, various molarities and pH's. 
These have been described elsewhere (Adams, 1959; Tsugita, 
et... al. , 1968). Bacto-peptone agar plates (1.2%) and NB 
soft agar overlay (0.7%) were used throughout. Liquid media 
used for growth were TSB-YE or NB-P. Dilution broth 
consisted of NB medium containing 0.8% NB (Difco) and 0.5% 


NaCl in aqueous solution. 


Bacterial stocks were maintained on screw-capped agar 
Slants (NB) at 4° Cc and were transferred twice yearly. 
These culture slants were used to prepare working stocks 
every few weeks by inoculating a NB-P or TSB-YE culture 
flask and incubating overnight with shaking at 379 C. 
Overnight cultures were prepared by inoculating fresh media 
with 0.01 ml of the working stocks, and growing under the 
same conditions overnight. Cultures were then freshly 
diivwted (1225) and grown fon ja few hours for use ds 
indicator bacteria, for adsorption experiments, or for 


inocula for phage preparations. Growth curves were 
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established by correlating absorbance at 660 nanometers 
(A°69) with cell counts on a Petroff-Hauser bacteria 
counter. A linear relationship between cell count and 
absorbance was found between 108 and 109 bacteria/ml (i.e., 


from early to late log phase). 


Cells used for adsorption experiments were grown to 
mid-log phase, then diluted to 2x108 cells/ml., unless 
otherwise indicated. Cells used Ox phage lysate 
preparation were grown to mid-log phase as well, but 


adjusted to 5.5x108 cells/ml. 


Bacteria used in lysozyme assays were grown on M-9 
medium, centrifuged, frozen for 1 week, then lyophilized at 
-60° cC and 5x10-3 Torr. Cells in which T4 was to be grown 
for lysozyme production measurements were grown oon Fraser 


medium. 


DNase I (Bovine Pancreatic, 1X Crystallized) was 
obtained from Sigma Chemical Company. Dow Corning Antifoan 
A was used as an anti-foaming agent in all growth media. 
Bio-gel A 1.5 (200-400 mesh) from Bio-Rad Laboratories was 
used in purifying ferritin-labelled goat anti-rabbit IgG 
(FEG) obtained from Cappel Laboratories, Inc. Sodium 
dextran sulphate 500 was from Pharmacia, polyethylene glycol 
6000 from Matheson, Coleman, and Bell. Chloroform was 


Fisher analytical grade. All other chemicals were reagent 
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grade. 


e. PHAGE PREPARATIONS. 


All stocks (except wild type T4) were grown on E. coli 
CR63 from single plaque isolates through several reinfection 
cycles. A single plaque was used to infect early-log phase 
CR63 cells in 25 ml of liquid culture medium, and allowed to 
grow for 6 hours. Chloroform and DNase were then added to 
the crude lysates, followed by a low speed centrifugation of 
1500xg for 10 minutes. The supernatant was then used to 
reinfect new bacteria at mid-log phase, and the process 
repeated. Normally, 3 to 4 of these cycles were required to 
yield stocks of about 1012 PFU'syml. The later purification 
stages included a high-speed centrifugation (12,000xg for 90 
minutes) to pellet the phage, followed by resuspension 


overnight in phage buffer. 


A highly purified wild type preparation employed in 
electron microscopy was obtained without the high-speed 
centrifugations used in normal stock preparations. An 
aqueous, two-phase system was used to separate complete 
phage from bacterial debris on the basis of different 
surface activities (Yamamoto, et. al. , 1970). One liter 
Gf 9H. Ycoli B71) Was grown to early log phase, then “intected 
with WT T4 at a low multiplicity and allowed to grow for 6 
hours. Chloroform and DNase were added as before, and 
allowed to stand for 20 minutes, then 20 grams of Nacl, 2 


grams of sodium dextran sulphate 500, and 80 grams of 
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polyethylene glycol 6000 were added to each liter of lysate. 
The, mixture» , upon standing. for 12 hotrs at 29:C,; formed 2 
distinct layers. The upper layer, comprising about 99% of 
the volume, was removed and discarded. The creamy bottom 
phase was resuspended in the residual top phase and 
centrifuged 10 Minutes at 1000xg. The pellet was 
resuspended in 0.05 volumes distilled water, chilled to 29°C, 
and 0.05 volumes of cold 3 Molar KCl were added dropwise to 
precipitate residual dextran sulphate. Following 2 hours at 
20 cC, the suspension was centrifuged for 10 minutes at 
1000xg, and the pellet discarded. About 50 ml of highly 


purified phage (at 5x101!11 PFU's/ml) were obtained. 


Electron microscopy of these phage indicated very 
little debris, few empty heads, and few contracted sheaths. 
Normally, high speed preparations appeared to have up to 50% 
empty capsids and broken tails, along with excess debris in 


the background. 


Phenotypic lysates of the amber mutants were prepared 
bysavone-step growth protocol on the restrictive host; 2. 
eola. B/1. Cells were grown to mid-log phase at 37° C, then 
miGected: sat oM.052.%S sof ?)0.5° "to Sy accaenpanred yahy a 
temperature shift to 309C. Shaking was continued in a 309 C 
waterbath for 40 minutes, at which time the cells were 
treated with chloroform and DNase, then cooled immediately 
in ice water. Bacterial debris was normally removed by a 10 


minute low speed centrifugation. Such lysates were used for 
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serum blocking characteristics of the fiber antigen- 
deficient mutants. The same protocol without the addition 
of chloroform and DNase was used for the preparation of 
lysates for lysozyme activity determinations. 


££. PURIFICATION OF FIBERLESS T4 PARTICLES. 


Particles of T4 lacking tail fibers were prepared by 
one-step growth of the triple amber mutant on its 


Peecrictive host, E&. coli B/1. 


Fiberless particles were concentrated by high and low 
speed centrifugations of the triple amber mutant lysates (of 
volumes up to 1 liter). Partial removal of contaminating 
fibered particles was achieved by absorption of the 
preparation With BE. coli B/1 cells grown for 2 hours: £07 10? 
cells/ml. Fiberless particles were added to the cells at 
the same time as 10-3 M MgSO*. Thirty seconds later, KCN 
was added to 10-3 M; the mixture was shaken once and left 
for 2 hours, shaking only to resuspend cells and ensure 
uniform distribution of materials. The culture was then 
centrifuged at 1500xg for 10 minutes, and the supernatant 
centrifuged at 10,000xg for, 90 “manwees. A further 
centrifugation at 1000xg LOL 10 minutes followed 


resuspension of the high speed pellet in phage buffer. 


Purity of fiberless particles was assayed by three 


methods: 


1. Optical density at two wavelengths. 
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2. Background viable phage on CR63. 


3. Serum Blocking Power. 


Concentration of the particles was determined by 
multiplying the absorbance at the two wavelengths by their 
respective factors, 

1.2x1012 for 405 nm, and 


2eG2E10'< for 265 nm. 


The ratio of the two values gave an estimate for purity 
of the preparation; the closer the value to 1.0, the more 
pure the particle preparation (Edgar and Wood, 1966; 


Sabelnikov, 1972). 


Values obtained for the fiberless particles before 
absorption with B/1 cells were : 
1.09x1012 at 405 nn, 


9.80x1011 at 265 nm. 


Viable phage in this initial preparation amounted to 


0.4% of the total particles by titer on CR63. 


For the fiberless particles finally used in the in 


itro experiments, an absorbance ratio of 1.1 was found, 


I< 


with the concentration of background phage found to be 2x108 
PFU's/ml compared to an estimated particle concentration of 
7.4x1011/ml (less than 0.03% phenotypic contamination). 

Genotypic wild type contaminants were assayed on E. Gour 


B/ 1 co- be: SEr105. 
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Blocking curves of Wf T4 and the initial preparation of 
the fiberless particles Showed that a 1% level of 
contaminating fiber antigens was present in the unabsorbed 
fiberless particles (i.e., 0.01 phage equivalents). The 
serum blocking curve of the absorbed preparation showed a 5- 
fold purification over the unabsorbed fiberless particles , 
with about 0.2% residual fiber antigenicity remaining with 
the final preparation. Fiber antigens were possibly present 
as incomplete fiber complements (i.e. < 4 or 5 fibers), on 
a smali percentage of the particles. This is suggested by 
greater than a 1000-fold difference between the 0O.D. 
measurements of concentration and viable count. Viable 
count and serum blocking power measurements should agree if 


contaminating fibers were only on viable phage. 


Antisera to T4 were raised in rabbits as previously 
described (Stemke, 1969). IgG was prepared from the immune 
sera by ammonium-sulphate precipitation followed by DEAE- 
cellulose chromatography. Monovalent Fab' was prepared by 
pepsin digestion of IgG followed by reduction and 
alkylation, also as previously described (Stemke, 1969). 
Mies Criteria) for purity OL this Fab* have been deseri bed 
before, and include non-agglutination characteristics as 
well as thin layer and preparative gel filtration of 


Sephadex G-200 (Stemke, 1969). 
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Neutralization assays were carried out at 379 C. Phage 
were added to antiserum and samples taken at various times 
were diluted \U0=fold “prior =to “plating ‘on “indica ter 
bacteria. Normally, exponential rates of killing were used 
6 “calculate The titers of antisera, IgG, and Fab", as 


described in the following section. 


he. CALCULATION OF TITER AND FRAGMENT DOSAGE. 


SS Se ee Se —— —————— ea ae Se 


An example would best describe the methodology used in 


calculating anti-T4 titers. 


Neutralization by these agents can be described in 
terms of the surviving fraction (S), by the one-hit 
equation, 


57 KT/D (1) 


If a 10-fold decrease in phage titer was effected in 23 
minutes by a 1:5000 dilution of anti-T4, the titer of that 
preparation can be found from the equation 

K=( ln (P/P°) xD/T ] POY 
, where P = phage survivors at time T, 
P9 = phage at time 0, 
and D«= dilution 
From this equation, 


K = 2.303 x 5000 = 500/min. 
IRS SiNahiaie 
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Zw, Bape. 
Fab' neutralizes according to the multi-target 
equation, 


epee (at eke: ely 


2 (3) 
, where n is the number of fragments required to inactivate 
the phage. "K" was calculated from the linear portion of 
the fragment neutralization curve (i.e., after the 
Shoulder), from the equation 

K=[ ln (P/mP°) xD/T] (4) 


where m is the ordinate extrapolate of the linear portion of 


the curve (equal to 2 £or Fab"); 


Fragment dosage is determined from this K value and the 
time allowed for neutralization (i.e., K/D x time). Using 
the same values for time and dilution given for IgG and 
serum, one hit would reguire phage reacting for 1 minute 
With a e1s500 “didutivon “ok the “Fab! (@.e..)7 S500 min-*" 2.1 
min./500). If the dilution was 1:5000, then 1 hit would 
have involved 19 minutes reaction time. Similiarly, 


treatment for 5 minutes would yield 0.5 hits. 


From the Fab! hit value so derived, different 
concentrations of P9° and Pi classes can be calculated from 
an assumed Poisson distribution of the fragment dosage over 


the phage population. 


Such a distribution can be represented by the equation 
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(fEon S#ent, t964,, 075) 


P(r) = x -e* (5) 


te 
Wheres P(c)> 45 that Skraction of. «phage that (willy bind). r 
fragments each, if an average of x fragments per phage is 


distributed at random over the entire population. 


Although no direct evidence supports the use of this 
equation, under the dilute conditions employed in the assay 
system it is most likely this type of distribution which is 
obtained. Such a distribution is based on the probability 
(of antibody molecules combining with critical sites on the 
phage) being derived from the binomial distribution function 
{Vargues and Voiltet, 1973). Again, the multi-target 
equation with the different class inferences only applies to 


the fragment neutralizing scheme. 


Use of the linear portion of the neutralizing curve of 
Fab* greatly facilitates calculation of the “K" of Fab'* 
preparations. This apparent discrepancy, of utilizing a 
multi-target "K" rather than a multi-hit "K" is explained as 


follows. 


The multi-hit "K" arises from the equation, 


ease < gh 


KT: 


D 


(6) 


7 for the case of two hits being required for 


neutralization. The Poisson distribution of fragments over 
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the phage is based on this equation (6) rather than the 
multi-target equation (3). However, for significant errors 
to develop in calculation of the predicted survivors from 
the number of hits delivered, phage would require from 1.5 
to 2 hits, well below most experimental dosages. Hence, 
thier distinceion “is of Ninor importance under the 


experimental conditions used. 


coli B/1 cells were grown to mid-log phase then 
diluted to 2x108 cells/ml. KCN was added to 1mM to hinder 
further cell growth and to prevent any phage replication. 

These bacterial preparations were used only for 2 hours 
after addition of the KCN, since adsorption properties of am 
N122 appeared to slow using cells older than this. In 
experiments of longer duration than two hours, fresh 
bacteria were prepared for each time sample, then diluted 15 


to 30 minutes before the adsorption assay was begun. 


Adsorption kinetics were followed by adding phage to 
the bacteria , then assaying for viable phage left in 
solution by plating samples on CR63 following 100-fold 
diiutions., Am N122 was used in (Fab® treatment and ~ Fab‘ 
dissociation experiments. Other amber mutants and in vitro 
complemented phage were used in their respective 
experiments. From the infection scheme outlined in Appendix 


A, any phage reaching the irreversibly infected bacterium 
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stage would be lost to the assay, since it is an amber 
mutant intecting its restrictive host. 


j. IN VITRO COMPLEMENTATION ASSAYS. 


Purified fiberless particles at roughly 1019/ml were 
pre-incubated.at 35° € for 10. minutes, then a crude: fiber 
preparation (phenotypic lysate of M23-10) was added. Titer 
increase of the incubation mixture was followed for about 10 
hours on CR63, with the adsorption profile of each time 
sample being determined on B/1. E. coli CR63 was used as 
the indicator bacteria for both the titer increase and 
adsorption assay since the genotype of the complemented 


phage would still be that of the amber mutant. 


The lysate from M23-10 was prepared as described in 
Section e, and residual contaminating phage were found to be 
about 5x 10S viable counts on CR63. These counts were 
ignored since they amounted to less than 1% of the plaques 
on the plates involved in the assays. 


Kk. SERUM BLOCKING ASSAYS- 


Serum blocking power of samples was assayed as follows. 
Samples were added to pre-incubated (379 C, 10 minutes) 
aliquots of antiserum and allowed to react for 1 hour at 
SLOG. Reaction mixtures were then incubated at 0 to 49 C 
for 24 hours . ~The sanple was then centrifuged at 35,000 
Ep bik ofa Sbype=SusGa1) rotor “Im, ay Nodel | Gl2-658 «neck nan 


Ultracentrifuge to remove any antibody-phage complexes. 


BP 


SupernatantS were removed immediately and assayed for anti- 
T4 activity either the same day or the next. Where 
impossible to do this, samples were frozen at -20°9 C, and 


assayed within one week. 


Fiberless particles were assayed for contaminating 
fibers by adding various concentrations to anti-T4, then 
determining the residual anti-T4 activity following the 
treatment given above. Controls were carried out to 
establish a standard curve for fiber antigens associated 
With similiar wild type concentrations as those used in the 


fiberless particle blocking curve. 


Serum blocking assays on amber lysates were carried out 
with preparations described in Section e of these methods. 
Residual blocking activities were calculated assuming 
Single-hit neutralization kinetics. 


1. LYSOZYME ASSAYS 


Lysozyme concentrations for the amber mutants were 
determined by the method of Tsugita, et. al. , (1968). 
Different flasks of E. coli B/1 cells were grown to mid-log 
phase and infected with the various mutants to be tested for 
lysozyme production. The 0.D.°69 of each growth flask was 
checked and adjusted to 0.55, and the same effective 
multiplicities were used for each mutant. Cells were then 
incubated for 40 minutes at 309 C, and chilled in ice water 


immediately. Debris was removed by a 1000xg centrifugation 
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for 10 minutes. Lysozyme concentrations were determined 
from samples of these lysates. Assays of the samples were 
carried out in 3.0 ml of resuspended, lyophilized B/1 cells 
(0.05%) in 0.05 M phosphate buffer, pH 7.4, as described 


Breeviously (Usugita, Sts, al. 91968) « 


Decrease in absorbance at 350 nm. was followed and 
concentrations in International Unit Equivalents were 
determined from the initial linear portions of the curves. 
I.U.E. were determined from standards run using egg white 
lysozyme at 0.05 mg./ml. One International Unit is defined 
as a @200'1Tsmun=) decrease in A#5° at pH 7.0 and 25° C of a 
Was img /mi. suspension of dried M. lysodiecticus cells in 
0.1 M™M phosphate buffer. See Results, Part III-A, for the 
standarization values of egg white lysozyme on E. coli B/1 


vs. M. lysodiecticus . 


fin) ELECTRON MEGROSCORY 


Grids used were 300 mesh copper screen which were 
coated with Formvar and shadowed with a thin carbon filn. 
Specimens were observed in a Philips EM 300 under double 
condensor illumination with 300 micron condensor apertures 
and an anti-contamination cold-trap affixed. Most work was 
carried out under accelerating voltages of 80 and 100 KV 


with a 50 micron objective aperture. 


Phage samples were applied to grids dropwise and 
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allowed to adsorb for one minute, then washed with one drop 
of distilled water. Grids were then floated onto antiserum 
and allowed to react for one half hour to 4 hours, then 
negatively stained. At times, antibody fragments and phage 
were mixed first, allowed to adsorb for various times, then 
Stained. Negative staining was carried out using a 1h 


solution of sodium phosphotungstic acid (PTA) for 1 minute. 


A ferritin-labelled antibody "sandwich" technique was 
utilized to attempt to locate various neutralizable antigens 
on the fibers. Little success was met using this method, 
even in locating the fibers with unabsorbed anti-T4 serun. 
Ferritin labelled goat anti-rabbit IgG (FEG) was diluted 10 
to 100-fold in phosphate buffer prior to use on the grids. 
Phage were adsorbed to the grids, reacted with varying 
concentrations of antibody, then allowed to react with 
varying concentrations of FEG. Samples were then washed 
with a few drops of distilled water, and negatively stained 


as before. 


FEG was further purified by column chromatography after 
sedimentation velocity observations indicated contaminating 
unbound ferritin, apo-ferritin, and possibly unbound IgG 
were present in the supposedly pure FEG obtained 


commercially (Figure 1). Sedimentation velocity was carried 
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FIGURE 1. Sedimentation profiles of ferritin-labelled goat anti- 
rabbit IgG (FEG) and normal horse ferritin, centrifuged at 
44,000 rpm (D rotor, Beckman Model E Ultracentrifuge) in 
0.15 M phosphate buffer, pH 7.2. Upper profile shows con- 
taminating band at 16.7 S and rapid diffusion of main peak 
at 55 S. Rapid diffusion of peak coincident with normal 
ferritin (lower band) indicates heterogeneity in FEG, most 
likely unconjugated ferritin. Underexposed regions coincident 
with larger S peaks arise from color displacement imposed 
on optical system by ferritin iron groups. 
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Out at 44,000 rpm .at.20,° ¢C for, 1 hour ina D-type, rotor in 
a Beckman Model E Ultracentifuge. A FEG concentration of 
0.7 mg/ml in 0.15 M phosphate buffer was used. Rapid 
diffusion of the main peak in Figure 1 indicated extreme 
heterogeneity in the iron-containing proteins. A single 
band sedimented at 16.7 S, indicating apo-ferritin to be 
present in the commercial preparation. Normal horse 
ferritin wasS run as a standard in the second well of the 
rotor, and is seen as the lower band in Figure 1. 

Differences in intensity accompaning the major peak in both 
wells are due to a color displacement in the optical system 


induced by the iron-containing proteins. 


About 15 0.D.**9 units of FEG were layered onto a 
Biogel A 1.5 (200-400 mesh) column approximately 1 x 30 cm. 
which had previously been equilibrated and washed twice with 
0.05 M phosphate, pH 7.5. The column was eluted with 0.05 ¥ 
phosphate buffer, pH 7.5, at a flow rate of about 0.05 
ml/min (see Figure 2). Exclusion limit of the column was 


10,000 Daltons. Recovery was about 95% by 0.D.%49, 


The initial peak fractions were pooled and used as the 
purified ferritin-labelled reagent for EM work. The second 
peak contained the unconjugated ferritin, and most likely 


the apo-ferritin and unconjugated IgG contaminants. 


Further work with the ferritin-labelled anti-rabbit IgG 


was terminated because of the extremely high degree of non- 
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specific interactions observed on both phage and background 
Supporting filn. 


QO. COMPUTING FACILITIES AND PROGRAMS. 


ee ee es ae se SS SS = Se 


An IBM 360 Model 67 computer under the Michigan 
Terminal System in use at the University of Alberta was 
employed for all work reported here. Programs for 
adsorption profiles and neutralization assays were written 
in Fortran IV by Dr. Bill Knight. The program for estimat- 
ing the contribution of Fab' dissociation was written by Dr. 
Ed Butz. All best-fitting subroutines Onn adsorption 
profiles involved a non-linear regression basis of least 


squares differentials (see Appendix A). 


Plots of the adsorption profiles and neutralization 
kinetics were drawn using the software available for the 
Model 770/663 Calcomp Plotter at the University of Alberta 
Computing Center. Le3-poine, ~parabolic. “curve -tirrcaing 
subroutine was used on the Calcomp plotter for curves 
associated with best fits of the data points. Programs for 


the Calcomp Plotter were written by Mr. C.W. Huneycutt. 


A second independent set of fitting subroutines was 
used for the linear neutralization assays which employed a 
Simple regression analysis of the data. No Significant 
differences were observed in using either the linear or non- 
linear systems in analysis of the neutralization data with 


regards to best fit obtainable. 
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The basic premise of the multi-target equation 
describing phage neutralization by Fab' is that the initial 
phage=Fab* complex formed is still infective. Such an 
infective complex might exhibit less efficient adsorption 


kinetics. 


The simplest equations describing the adsorption scheme 


and its modification are: 


11 13 
oe ou. Sfp: eee (7) 
fiz 
and 
ON x23 
Bigs: gon! >P1.B+ >B* (8) 
paz 


Where P represents the untreated phage 


BGs the uninfected bacterium 
Pa Be the reversible phage-bacteria complex 
Be, the irreversibly-infected bacterium 


i the single-hit phage (phage-Fab' complex) 
and Bila Bie the phage-Fab'-bacteria complex. 


The rate constants have been previously defined. 


By examining changes in the adsorption characteristics 
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of phage upon treatment with Fab', it is possible to obtain 
results consistent with those predicted by modification of 
the basic two-stage obligatory reversible complex adsorption 


scheme of Puck, Garen and Cline (1951). 


It was previously shown that an amber mutant of T4D, an 
N22, had adsorption and neutralizing characteristics 
Similiar to those of wild type T4 (Stemke, et.al. , in 
press). As outlined in Materials and Methods, the use of 
such an amber mutant adsorbing onto its non-permissive host 
permits certain observations that are not possible using the 
infected cell method originally employed in observing the 


Fab' effects on phage adsorption (Stemke, et.al. , in 


press). 


Results of three independent adsorption assays of am 
N122 on E. coli B/1 are shown in Figure 3. They represent 
the controls used in the major experiments to be described 
in following sections. As can be seen from these survival 
curves, adsorption appears first-order only in the early 


stages. 


Values of the three rate constants for equation (7) 
were adjusted until best fits of the data were obtained, and 
these values (table II) used for the stock untreated phage. 
The values given in Table II represent average values of the 


rate constants obtained from about 20 independent adsorption 
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STANDARD ADSORPTION PROFILES OF omNi22 


O....... COMPLEMENTATION CONTROL 


Fab' DISSOCIATION CONTROL 


A.----.»Fab’ DOSE RESPONSE CONTROL 
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Adsorption profiles of untreated am N122 on E. coli B/1. 
Phage were incubated at 37°C with bacteria at 2 x 108/ml., 
then diluted and plated for free phage on the permissive 
host, E. coli CR63. Curves were generated from equations 
given in the text, independently fitting each set of data 
by the method given in Appendix A. 
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TABLE II 


BEST FIT VALUES FOR ADSORPTION RATE CONSTANTS 


RATE CONSTANT BEST FIT VALUES UNITS 
‘AS B. 

. 11 | 11 1 
ra 3.47 x 10 D.eTee als (Bact. x sec./ml.) 
ae OOD ton 4.00 x ie es 
KS MEce Wie ae ABs eons 

: at 
Kot Srijexaidhes N/A (Bact. x sec./ml.) 
KG seth) 2 anes N/A sceeus 
oe ae) EeatooF N/A sec. 


A, Values in agreement for Fab' treatment at a bacterial concentration 
of 2 x 108 cells/ml., and all bacterial concentration deter - 
minations except l x 109 cells/ml. 


B, Values required to fit data of highest bacterial concentration. 
Hence, no Pl class of adsorbers since no Fab' treatments were 
carried out at this concentration. 


* Superscipts Be rate constant of individual population. For 
example, K represents Kl of second population, K13 represents 
K3 of first population. 
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assays of am N122 on E. coli B/1. Figure 3 also shows the 
experimental scatter which can be expected from LBs 
technique. 


ii. Bacterial Concentration Effects. 


Ss a a a a a ses ess Ee 


As seen from equations (7) and (8), and from a more 
detailed explanation presented in Appendix A, adsorption 
kinetics are highly dependent on bacterial concentration. 
The large number of adsorbing sites per bacterium (200-400 
each; Bayer, 1968) and the two-log-fold difference of 
bacteria over phage concentrations (108 vs. 106) represents 
a very large excess of "B", which therefore can be regarded 
as constant, Consistent values for the rate constants in 
equation (7), therefore, should fit the adsorption profiles 
over bacterial concentration extremes if the model is to be 


consistent. 


Data from experiments in which bacterial concentrations 
were varied are presented in Figure 4, Bacterial 
concentrations were established by absorbance as described 
in Materials and Methods. As outlined in Table II, good 
fives of the data to the predicted survival curves 
(coincident solid lines for each bacterial concentration) 
can be obtained using the same rate constants, except for 
the highest bacterial concentration examined. These data 


have been presented elsewhere (Stemke, et.al. , in press). 


Discrepancies in consistency of this adsorption model 
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EFFECT OF BACTERIAL CONCENTRATION ON KINETICS OF PHAGE ADSORPTION 
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FIGURE 4. Effect of bacterial concentration on phage am N122 adsorption. 
Assays were carried out asin Figure 3, exceptydittverent cell 
concentrations were used. Curves were generated using rate 
constants given in text. Cell concentrations were 3 x 10//ml1.(4), 
7 x 107/m1.(©), 1 x 108/m1.(x), 2 x 108/m1.(+,A), 5 x 108/m1. (0), 
and 1 x 109/m1.(0). 
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at this high bacterial concentration can be overlooked since 
the routine experimental protocol employs much lower 
bacterial concentrations in determining adsorption 
Characteristics. These discrepancies have been observed in 
other models as well (Gamow, 1969). 


iii. Effect of Fab' Treatment on Phage Adsorption. 


Results showing the changes in phage adsorption upon 
treatment with varying Fab' dosages given to am N122 are 
shown in Figure 5. Best fits of the adsorption data are 
coincident with solid iines generated in the following 


manner. 


A different ratio of {P%:(P0+P1)} at each dosage is 
predicted from a Poisson distribution of the Fab' over the 
initial phage population, as explained in Materials and 
Methods. The fitting procedure for these data was to adjust 
the rate constants of the slow adsorbers (K2#!, K22, and K#3) 


and the ratio of {P°: (P9+P1)} independently. 


Consistently, the same values of the rate constants for 
the adsorption of the P1! class (given also in Table II) and 
the predicted ratio value were obtained. A uniform increase 
in K22 in all experiments was observed, indicating the data 
could be fit to the model by increasing the rate of 
dissociation of the Fab'-phage from the bacterial complex. 
Such an increase in the dissociation rate would be 


consistent with less efficient binding of the Fab'-phage to 
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Adsorption of am N122 to E. coli B/1: 


EFFECT ON ADSORPTION PROFILE OF amNI22 
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Fab' dosage. Best fit curves were generated from equations 


and rate constants given in text. 
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the bacterium caused by modification of a single fiber by 


the Fab! fragment. 


Be, Fao! BDESSOCEATZION. 


Other workers have found evidence indicating Fab'-phage 
dissociation occurs (Krummel and Uhre, 9 1969) 2 This 
experimental possibility has been overlooked in treatment of 
the data in Section A to facilitate the mathematical 
solutions of multi-target kinetics. However, dissociation 
of Fab' should be considered in the model since the 
monovalent fragment does not exhibit the increased 
efficiency of neutralization characterized by the monogamous 
handing tof the divalent) igG (Blank, et. als |, 1972; Hornick 


andmekabush, 1969). 


An hypothesis that Fab! dissociation can account fully 
for the adsorption characteristics of the treated phage can 


be represented by the scheme: 


ileal x3 
Peta z PS >B* (9) 
1 
K 
Kd 
P-Fabt 


where P-Fab' represents the single hit phage (which are not 
able to adsorb in this scheme, unlike the Pt class 
introduced in Section A). Kd represents the dissociation 
constant of the Fab'-phage complex. Further mathematical 


derivations of this system are explained in Appendix A. 
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The observation that wild type phage given about 3 hits 
with Fab' and incubated at different temperatures gave 
increases in titers suggested dissociation did, in fact, 
occur (Stemke, et.al. , in press). Fragment dissociation, 
however, could not be measured directly with this technique, 
since a dilution of the neutralizing agent, followed by 
incubation of the phage with indicator bacteria, could allow 
unmeasured dissociation to occur over a two-hour period. 
The following results, based on changes in irreversible 
phage adsorption characteristics rather than titer increase, 
show that dissociation of the Fab'-phage complex occurs. 
The rate of dissociation found experimentally, however, 
could not explain the kinetics of Fab'-treated phage 
adsorption. 


a2 EEtect of Aqing of Fab*=Phaqge. 


Am N122 phage were given 0.4 and 0.8 hits in two 
different experiments to determine the dissociation 
constant, Kd. Both neutralization schemes were carried out 
at 379°C, but further incubations of the Fab'-phage reaction 


mixtures for 10 hours were at 22°C and 37°C, respectively. 


Immediately upon receiving the indicated dosages (see 
Methods, section h.), phage were diluted 1000-fold (thus 
stopping further hits), and assayed for their adsorption 
characteristics. Both initial profiles agreed with those 


predicted for the experiments. 
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Aliquots taken during the 10 hour incubations were 
assayed immediately for their adsorption characteristics. 
Since various dilutions were required to maintain proper 
phage: Fab' ratios, it was necessary to dilute 5-fold rather 
than 100-fold in the adsorption assay. The excess non- 
permissive host bacteria present on the plate did not affect 


the plaque scoring of controls significantly. 


Results of the first experiment, carried out at 229°C 
after phage had been given 0.4 hits, are shown in Figure 6. 
Using the same rate constants as calculated in Section A, it 
was possible to generate best fits of the data by varying 
the ratio {P9: (P9+#P1)} . From these ratios of each time 
sample, the residual hit value, or hit-equivalent, was 


calculated , again using the Poisson function . 


fie results for the 37° € incubation (€ 0.8 hits) fare 
shown in Figure 7. The ratios of {P%: (P9+P1)} were 
calculated for each of the adsorption profiles , and a 
residual hit value calculated for each time sample as in the 
22°C experiment. 


iia) EStination of Kd 


Results of the aging of the Fab'-phage complexes are 
shown in Figure 8. When the log of the residual number of 
apparent hits (derived from the adsorption profiles) was 
plotted against time of incubation of the complex, an 


experimental value for the rate of dissociation of Fab' was 
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DISSOCIATION OF Fab' AT 22°C: 
CHANGES IN ADSORPTION PROFILE OF "0.4-HIT PHAGE” 


SAMPLE O (min) 
--*+*SAMPLE 100 " 


---*SAMPLE 200 " 
+--+: SAMPLE 645 ° 
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Phage-Fab' dissociation: Changes in adsorption profile of 
phage given 0.4 hits, then incubated at 22°C for up to 10 hours. 
Sample indicates time of incubation at which adsorption assays 
were carried out. Curves fit by varying only the ratio of 
(Por(Posp")) ; the adsorption rate constants of the P° and P' 
classes were not adjusted to fit the data. 
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DISSOCIATION OF Fab' AT 37°C: 
CHANGES IN ADSORPTION PROFILE OF “O.8-HIT PHAGE". 


SAMPLE O (min.) 
SAMPLE 100 "“ 


--SAMPLE 400 “ 
--SAMPLE 600 "“ 
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FIGURE 7. Phage-Fab' dissociation: Changes in adsorption profile of 
phage given 0.8 hits, then incubated at 37°C for up to 10 
hours. Samples assayed and curves generated as in Figure 6. 
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APPARENT OISSOCIATION OF Fab’-PHAGE COMPLEX 


Aj,” 22°C (0))) AND AT 37 °C(o}. 


~ 100 200 300 400 500 600 


TIME, min. . 


Apparent dissociation of Phage-Fab' complex. Residual hit 
values calculated from adsorption profiles given in Figures 

6 and 7, as outlined in text. The slopes drawn though the 
data points were best fit by linear regression analysis, and 
represent the dissociation constant Kd. Relative uncertainty 
of each point indicates precision of calculation of residual 
hit value, not experimental uncertainty. 
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determined from the slope of the best fit of the data. This 
slope should represent a dissociation constant, Kd. The 
379°C and the 229C incubations gave very similiar results in 
this estimation. The value obtained from the 220 ¢: 
experiment was calculated to be 2.8x10-5S sec-!, that 


obtained from the 379 C data was 3.0x10-5 sec-1, 


It must be emphasized that, although this treatment of 
the data has employed a rather arbitrary and circuitous 
procedure, deviations indicated on the plot are generated 
mainly by mathematical manipulations, rather than 
experimental imprecision. Nevertheless, one would predict 
exponential dissociation of univalent fragments. 


iii Kd fitting. 


Using the experimental Kd so calculated, predicted 
adsorption curves of phage given different dosages were 
generated using the model outlined at the beginning of this 


section. Mathematical details are explained in Appendix A. 


When these predicted adsorption curves were compared to 
the best fit curves of the actual adsorption data at any 
given dosage, significant differences were noted. These are 
shown in Figures 9 and 10 for 0.4, 0.5, 0.8, and 1.2 hits. 
The experimental value for Kd used in the calculations was 


3.0x10-5 sec-i. 


Different artificial values of Kd were then chosen and 


hypothetical survival curves generated for each dosage until 
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EFFECT OF VARYING Kg VALUES ON SIMULATED PHAGE ADSORPTION PROFILES 


0.4 HIT DATA 


Lo Ov BEST FIT VALUES OF ADSORPTION 
DATA 
Gee Kye 3x 10-5 
0.8 
x rs iodac Kg= 6 x1074 


2 4 6 8 to 12 14 16 18 20 22 24 


TIME, min. 


2 4 6 8 10 12 14 16 18 20 22 24 


TIME, MIN. 

FIGURE 9. Simulated adsorption profiles, showing the effect of different 
values of Kg. TOP: 0.4 hit data. The experimental value for Kg 
(determined from slopes in Figure 8 to be 3 x 10=2 sea. +) was used 
to generate an adsorption curve (Q) from the equations given in 
Appendix A. Kg was varied until coincident curves of best fit values 
of the actual adsorption data (0) and hypothetical Kq adsorption 
profile (4) were obtained. 

BOTTOM: 0.5 hit data, same fitting procedure. 
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EFFECT OF VARYING Kg VALUES ON SIMULATED PHAGE ADSORPTION PROFILES 


0.8 HIT DATA 


1.0 : Olgas: BEST FIT VALUES OF ADSORPTION DATA 


iN es Kg #3 107° 


0.8 \ M ccccee e -4 
\ Ky £6 x 10 
a. Kg 2x 10° 


1.2 HIT DATA 
" \ oss BEST FIT VALUES OF ADSORPTION DATA 
Seen east One 
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ay 
087 \ bere Kg #2 x 107° 


TIME, min. 


FIGURE 10. Simulated adsorption profiles, showing the effect of different 
values of Kg. Fitting procedure for 0.8 hit data (top) and 
1.2 chitedata (bottom) as-inerieure 9: 
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the two survival curves, best fit of the data and adjusted 
Kd, coincided. Although results are not totally consistent 
with a unique Kd value, the experimental Kd value was in all 
cases much lower than would be required to explain the 
observed adsorption curves of Fab' treated phage. Table III 
summarizes the values of Kd found necessary to explain the 


data on such a basis as was outlined in eguation (9). 


C. ACTIVATION OF FIBERLESS PARTICLES. 


ce ee ee ee ——— es ae ae eS ee 


Since treatment with Fab' modified the adsorption 
Characteristics of the phage in a manner consistent with 
generation of a slower adsorbing class of phage, attempts 
were made to modify the phage in some other manner to yield 
a Similiar class of phage with respect to adsorption 
characteristics. Wood and Henniger (1969) found that 
fiberless particles could be activated in vitro by the 
dddattion © Gia’ ae tail. fiber preparation: Although their 
results were primarily concerned with the mechanism of fiber 
attachment in morphogenesis, their study offered a _ systen 


which could be utilized to examine the problem of Fab! 


inactivation of phage. 


Their results were consistent with a mechanism whereby 
fibers were added one at a time. The feasibility existed, 
therefore, of producing different classes of phage, each 
with a different number of tail fibers. Since one implica- 


tion of the Fab't binding proposal suggests the complete 
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TABLE III 


FITTING OF DISSOCIATION CONSTANT, K 


d 
HITS K (exp. )* ReGt K (fit) /K (exp. )** 
-6 -5 
0.4 Hote 10 6.0 x 10° 21.4 
0.5 DUS oe 10a- 8.3 
0.8 38 0sx 810% wth enka 6.7 
lee : ay cle 6.7 


Ean 4 (exp.) determined from observed changes in adsorption profile 
of treated phage for 600 minutes. 


**K (fit) is that value required to generate survival curve identical 
to best fit of observed data for each dosage. 


*kk This ratio indicates to what degree K,(exp.) would have to be 
in error to fully explain neutralization by Fab' on a sin- 
gle hit basis. 
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inactivation of the fiber, a phage particle missing that 
fiber should have the same or nearly the same adsorption 
characteristics as the one-hit phage. Results of this 
section suggest such classes are produced in the in vitro 
complementation of fiberless particles. 


i. Titer Increase of Fiberless Particles. 


Purified fiberless particles at a concentration 
yielding 3x107 PFU's/ml (on CR63) were activated by the 
addition of a lysate which had wild type fibers but lacked 
phage head and tail structures. The M23-10 lysate was 
chosen as described in Materials and Methods. This crude 
lysate of M23-10 used in the in vitro activation scheme had 
a background titer of 5x10S PFU'"s/ml on CR63, which was 
ignored since it gave rise to only 1% of the plaques on the 


initial plates, and less than 0.01% of the plaques on the 


final plates. 


Results of the activation process are shown in Figure 
Ti. The first experiment (0) carried out using fibers 
prepared only 30 minutes beforehand shows activation 
kinetics similiar to Wood and Henninger's results. In 
agreement with their results, no significant increase in 


titer was observed after 60 minutes. 


Adsorption assays of each time sample were carried out 


promptly using E. coli CR63 as indicator bacteria. 


The second activation curve (nm) represents results of a 
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ACTIVATION OF FIBERLESS PARTICLES 
BY (23-10) LYSATE 


O-res+s+ LYSATE FRESHLY PREPARED 
Dieeees LYSATE STORED 2 DAYS AT 4°C 


VIABLE COUNT ON CR63 


60 120 160 240 300 


TIME, MIN. 


FIGURE 11. In vitro complementation of fiberless T4 particles with 
M23-10 Ivsate. 1. Fresh M23-10 lysate was. added to kiher- 
less particles and increase in titer was followed by plat- 
ing on &. coli CR63 (0). 2. Activation repeated using 
two-day old lysate and one-fourth the number of input fib- 
erless particles (0). Adsorption assays were carried out 
on samples taken in the first activation experiment only. 
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2-day old fiber preparation used in the above scheme. The 
fiber lysate used in the first experiment was stored at 0° C 
for 2 days, and the activation experiment repeated. One- 
fourth the initial number of fiberless particles were used 
in this second experiment, but final titers appeared to 
reach the same levels as before. This suggests the final 
level in the first experiment did not reflect the level of 
complementable particles added. Calculations for the first 
activation scheme indicate about 20-fold more particles were 


added than were finally complemented. 


A distinct lag of longer duration than that observed in 
some of Wood and Henninger's results was seen in the second 
activation process. Total activity of the lysate did not 
seem to be affected, however, since the final titer was the 
same as before, even with only one-fourth the number of 
particles added. Aggregation of the fibers could explain 
these results; dissociation of the aggregates could be rate 
limiting in the second experiment. Structural denaturation 
OF Hibers as also a distinct possibility, ‘since xr£esults 
would still be in agreement if fibers had not reached final 
yield-limiting concentrations after such denaturation. The 
activation curve is also very dependent on a labile 
cofactor, the gene 63 product (Wood and Henninger, 1969). 
Concentration and activity of this cofactor could influence 


this lag formation as well. 


Activation experiments were carried out at 35° C, as 
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outlined in Wood and Henninger's protocol. From other 
workers' observations of rapid loss of activity of the gene 
a5 $product at 379 ¢C (Imada and Tsugita, 19/2a; Ward, et. 
al. , 1970), denaturation of this extremely sensitive 
Product is “alsq a- distinct possibility Tw the second 


activation experiment. 


The possibility of fibers being in yield-limiting 
concentration was ruled out by using fresh lysates in 
concentrations approaching near in vivo conditions. Other 
experiments showed fibers were not yield-limiting in 
concentration by the addition of fresh fibers at the 180 
Minute stage. No significant increase in the final titer 
was noted, but a linear increase in titer of less than 10% 


was observed within 10 minutes of fiber addition. 


No adsorption assays were carried out during the second 
activation experiment since loss of activity of the fibers 
was anticipated. 


ii. Adsorption Profiles of Complemented Phage. 
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Only four samples were selected to show the adsorption 
profiles of complemented phage (see Figure 12). Samples 
were assayed and kinetic manipulations carried out, however, 
for the majority of the time points shown on the activation 
curve of the initial experiment (0-0, Figure 11). Even 
though the titer does not rise after 60 minutes of 


activation, the adsorption profiles of the samples change 
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FIGURE 125 


ADSORPTION PROFILES OF COMPLEMENTED PHAGE 


MIN. 


MIN 
MIN 
MIN 


SAMPLE 
SAMPLE 
SAMPLE 
SAMPLE 


CONTROL 


10 is) 20 25 


TIME, MIN. 


O*N 


bo 


Adsorption profiles of in vitro complemented phage at various 


times in the activation process. Sample indicates time in 
activation experiment 1 (Figure 11) at which the adsorption 
assay was carried out. Bacterial concentration used in 
adsorption assays was 2 x 108 cells/ml. Curves were best fit 


by adjusting the ratio only; adsorption rate constants and 


equations are given in the text. 
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Significantly from an obviously slow to a fast adsorbing 


population. 


The curves drawn through the data points shown in 
Figure 12 represent the best fit of the data. These curves 
have been generated by the identical solutions to the 
equations describing the inactivation of phage by Fab! given 
in Section A. Using the same differential equations and 
rate constants of the Fab' treatment, the ratio {C%: (C9+C1)} 
was adjusted to fit the data. 


dai. Bate vor C9 Generation inyParticle Activation. 


The differences in adsorption profiles shown in Figure 
12 can be attributed to changes in ratios of fast and _ slow 
adsorbing classes of phage if the proposals of Wood and 
Henninger are taken into account. Although exact fiber 
counts were not established as thought possible by electron 
microscopy, hypothetical situations of particles having 4,5 
or 6 fibers are easily justified. From the adsorption 
protile, 1t is possible to calculate a “hit Equivalent" 


value for the incompletely activated phage. 


Such a representation of the generation of fully 
activated phage is shown in Figure 13. Early samples were 
ignored due to differences in input phage. The low titers 
of these early time samples , along with the normalization 
of all curves to the same input value, does not permit valid 


interpretation at the early times of the activation process. 
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RATE OF C° PRODUCTION IN 
FIBERLESS PARTICLE ACTIVATION 


‘HIT- 
EQUIVALENT 
VALUE 


100 200 300 


TIME, min. 


Activation of fiberless T4 particles: rate of activation 
according to changes in adsorption profiles. Hit-equivalent 
values (0) were derived from the ratio values used to best 
fit the data shown in Figure 12. C° values were calculated 
assuming the Poisson distribution of C° and C' classes in 
viable phage. 


FRACTION OF VIABLE PHAGE (Q) 
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D. ADSORPTION PROFILES OF AMBER STOCKS. 


ae ee ae sss ee ——_—_  — —_ See See 


Before looking at levels of antigens being produced by 
the different amber mutants (Part II Results), it was 
necessary to examine the adsorption kinetics of each mutant 
for two reasons. The first of these was to gain insight 
into the adsorption rates of the ambers to be able to 
predict an effective multiplicity to use for constant 
conditions of infection associated with antigen production. 
The second was to associate amber mutations with effective 
roles in the adsorption process at the level of the antigens 


involved in neutralization. 


THe adsorption characterrstics’ of the ambers in 
question are shown in Figures 14 and 15. The adsorption 
rates for each amber (according to the reversible complex 
model presented in the preceding results) are given in Table 
IV. Further reference to the computer solutions will be 


made in the discussion. 


Significant differences are noted in most of the 
mutants, but generally they can be divided into two 
different classes . Over 90% of phage in the first class 
adsorbed in less than 10 minutes (see Fig. 14); the second 
took about 20 minutes to decrease one-half log (see Fig. 
15) The latter type can be described as inefficient 
adsorbers, the former as normal adsorbers in comparison with 


am N122. These classes comprise the untreated stock amber 
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FIGURE 14, 


ADSORPTION FROFILES OF AMBER MUTANTS 
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Adsorption characteristics of amber mutants. Adsorption 


profiles determined as in Figure 3, with bacteria at 
2 x 108 cells/ml. Best fit curves generated by adjusting 
adsorption rate constants independently. 
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ION PROFILES OF AMBER MUTANTS 


M34 
TRIPLE MUTANT 
DOUBLE MUTANT 


Adsorption characteristics of amber mutants. Adsorption 
profiles and best fits of data were determined as in 


Figure 14. 
in the text 


Double and Triple Mutants have been defined 
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TABLE IV 


ADSORPTION RATE CONSTANTS OF AMBER MUTANTS* 


MUTANT x} ae K Wk K wk 
amN122 3.47 5.10 255 
M34 0.42 5.10 2.6 
M35 4.78 1.16 1.2 
M36 4.36 1353 150 
M37 4.96 0.78 ee 
DM 0.58 4.89 Deo 
TM 0.32 7:32 1.6 


X4E 4,32 2.04 Os? 


*Adsorption model of obligatory reversible complex formation. 
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mutants, and should not be confused with the slow and fast 
adsorbers introduced in the Fab' treatment or in vitro 
complementation work. Mutants M36 (Fig. 14) and X4E (Fig. 

15) have similiar adsorption profiles, and may be used to 


compare the curves drawn on the two different log scales. 


Various attempts were made to correlate the evidence 
presented in the previous sections with physical 
observations of such structures. Correlations in fiber 
counts between wild type T4 and fiberless particles would 
have supported serum blocking evidence of the purity of 
fiberless particles. Fiber counts on the am N122 mutant 
used in the adsorption assays would have been of assistance 
in validating the concentrations of the C9 class from the in 


vitro experiments. 


As well, observations of neutralized phage would have 
provided evidence for the hypothetical situation of Fab! 
interaction with a single fiber to modify adsorption 
SEOperties. Statistical counts correlated with the” warious 
dosages of Fab' used to inactivate the phage could have 
justified use of the Poisson distribution in the calculation 


of the various classes. 


One technique thought to have excellent application to 
this study was the use of ferritin-labelled anti-rabbit IgG 


(FEG) as a marker locating antibody molecules bound to the 
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phage at both neutralizing and non-neutralizing positions. 


The system protocol consisted of reacting purified wild 
types £4) owith \anti-T4 IgG or!Fab“ fragnents; then reacting; 
in a "sandwich" fashion, anti-rabbit IgG which had been 
labelled with electron-dense ferritin. TRitialyy* tno 
success was achieved due to high backgrounds of FEG (even at 
low concentrations) and non-specific staining by the 
ferritin. Attempts were made to purify each component of 
the system, beginning with the gentle purification technigque 
of the two-phase separation of wild-type phage. 
Purification of the FEG was considered because non-labelled 
anti-IgG and unconjugated ferritin could contribute to the 


high background and non-specificity of the samples examined. 


Further work with a purified conjugate (see Materials 
and Methods) showed no better results, again due to high 
background levels of non-specifically bound ferritin. This 
stage of the project was then terminated since tail fibers 


could not be resolved using this technique. 
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Selection of the amber lysates to absorb anti-T4 as 
opposed to purified antigens themselves arose from the non- 
trivial purification techniques required to obtain fiber 
antigens in the necessary quantities (Imada and MTsugita, 
197@, Wi2a). It was felt that the lysates, being deficient 
in VSPSetiEies Tiber Santigens, Ycouldtbevses. useful astthe 
purified antigens in establishing their discreet roles in 
neutralization. Such methodology in obtaining specific 
antisera has proved useful to other workers (Edgar and 


Hietatsis, 1965; King, 1968; King and Wood, 1969). 


Prior to using the deficient lysates in the serum 
blocking experiments, it was necessary to establish some 
means of normalizing antigen concentration in the lysates so 
their relative effectiveness in blocking neutralization 


could be determined. 


Two factors are involved in the serum blocking ability 
of the antigens in question. The first is obviously the 


effect of concentration on increasing the blocking power of 


a lysate. The second, more subtle inference, is that of 
differences in antigenicity of the individual fiber 
antigens. Differences in size, accessibility, and 


immunogenicity contribute to the differences in possible 


roles of the antigens in fiber neutralization. 
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biological and biochemical means any differences of the 
mutants with respect to their overall infection 
efficiencies, in particular any differences which might 


contribute to differential rates of antigen synthesis. 


A. CORRELATION OF ANTIGEN CONCENTRATIONS. 


ee me a i ae ee Se eee 


Comparative biosynthetic processes and their 
efficiencies in amber mutants were examined by measuring 
differences in adsorption properties, burst size, and 
lysozyme concentrations of each of the mutants to be used in 


blocking studies. 


i. Normalization of multiplicities on the 


ee ee SS eS — SS —— — es —————————— 


Normalizing the ratios of input phage to bacteria was 
not sufficient to ensure uniform infective center formation, 
due primarily to the differences in the adsorption kinetics 
of the amber mutants (presented in Part I-D). Uniform 
infective multiplicities (i.e., formation of actual infected 
centers, rather than input ratios) were predicted by varying 
the input phage and adsorption times for each mutant, as 
shown in Table V. In other words, an attempt was made to 
allow adsorption of equal numbers of each mutant prior to 
addition of antiserum. Bacterial concentrations were 
adjusted to the same absorbance values (within 5h) « 


Dilution adjustments were made using media warmed to 37° C. 
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MUTANT INFECTION PARAMETERS - BURST* 
M.O.I. TIME X' ime 
M34 4.0 3) OFlZ 40 US) 
M35 056 3 Leo, ND 66 
M36 0.6 3 5 yas) ND ND 
M37 0.6 3 1.40 100 170 
DM 4.0 5) OF, 40 70 
T™M a60 5 URL 33 47 
X4E 0.6 3 to2o ND 45 
Wild Type 0.8 3 1.00 70 160 
Control 
lo .O-l. represents iopul multipivel tyeby titer. 


2. Burst size from 1.C.F. determinations on E. coli CR63. 


TABLE V 


PARAMETERS FOR NORMALIZATION OF LYSATES 


TO BE USED IN SERUM BLOCKING EXPERIMENTS 


LYSOZYME” 


1629 
1755 
1555 
13.3 
19.2 
L623 


21.4 


16.8 


TIME, in minutes, 


is for adsorption before addition of anti-T, (K=1.3 min.-l), 
K' represents relative first-order adsorption rate on E. coli 
B/1. I.C.F. is infective center formation, or successful 


infection on E. coli CR63. 


3. Lysozyme concentrations are in International Unit Equivalents. 
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Such adjustments were rarely over 10% of the volume, 


however. 


Infection parameters listed in Table V were adjusted 
primarily to the initial rate of adsorption of each mutant 
compared to am Ni2Z2. A multiplicity of 0.8 for ‘the wild 
type lysates was selected for dilution controls, as will he 
presented in the serum blocking results. The three slow 
adsorbers were given a high multiplicity to compensate for 
their slow adsorption rates to yield uniform infective 
center formation. Early linearity of the adsorption 
profiles indicated dissociation of phage-bacteria complexes! 
could be ignored in estimating such infective center 
Formation (1.CiF.), but differences noted in IscyF. ‘values 
are most likely due to complex decay not accounted for in 
using only the initial adsorption rate constants of the 


mutants. 


As shown in Table V, burst sizes of the various ambers 
indicated relatively uniform efficiencies of overall 
transcriptional and biosynthetic processes. One exception 
in the burst size is the M37 mutant, whose burst is closer 
to that of the wild type than the other ambers. This mutant 
adsorbs more efficiently than wild type. Latent periods of 
the amber mutants were all about the same when the various 


adsorption times were taken into account. 
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The generally lower values of the burst sizes of the 
mutants, however, suggest lower biosynthetic efficiencies of 
the mutants when compared to the wild type. This may be of 
importance in interpretation of the serum blocking 
Capabilities of the phenotypic lysates, presented later in 
section B. 


iii. Relative Lysozyme Concentrations. 


Phage-specified lysozyme activity was used as the 
internal marker to measure phage protein synthesis. Since 
all other experimental conditions were as uniform as 
possible, any differences in rates of protein synthesis 
(indicated from differences in lysozyme concentrations) 
could be used to imply different fiber antigen 
concentrations, and adjustments made for such differences in 


the interpretations of the blocking data. 


BE. realise /t growing dt 37° “C was’ “aniectedP<under the 
scheme outlined in Table V (i.e., using identical bacterial 
concentrations and effective multiplicities). Upon 
infection with the mutants, the cultures were downshifted to 
309 ¢ and grown for a further 40 minutes, then chilled 
immediately in ice water. A 10 minute, 100 0xg 
centrifugation followed immediately, and lysates, kept on 
ice, were assayed usually within a few hours for activity. 


No Samples were assayed after 4 hours . 


Due to the possible effects chloroform would have on 
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the lysozyme assay system, it was not used in the natural 
lysate preparation. Observations with early | standar- 
dizations indicated clearing of the top half of the reaction 
mixture if chloroform had been used in the lysate prepar- 


ation. 


Initially, lysozyme assays were carried out using dried 
M. lysodiecticus cells as outlined in Worthington's Enzyme 
CapaLoge (4.972). No activities were found with any of the 
lysates, so the modified technique of fTsugita et, ais 


(1968) was used. 


Lyophilized E. coli cells at 0.5 mg/ml were used and 
absorbancy changes at 350 nm. were followed. Standard egg 
white lysozyme activity was 3-fold higher using this latter 
assay as compared to results using the method described in 
Wokthington's Catalog (1972). The activity of standard egg 
white lysozyme increased from 5.95 unitsS/microgn. on MM. 
lysediecticus to 15.85 wunits/microgm. on Es. coli. Two- 
hundred microliters of a T4Y wild type lysate had about the 
same activity as 1 microgram egg white lysozyme in this 


gesays (16.03 Units/200 microliters of lysate). 


Controls of 6x109 WI T4 PFU's/m1l added to the E. eal 
celis, along with a control of E. coli cells alone; gave no 
change in absorbance in 30 minutes. Concentrations are 
given in International Unit Equivalents, calculated from the 


O0.D.359 changes under the conditions given in Materials and 
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Methods. 


Results of lysozyme production by the various mutants 
are also shown in Table V. Again, fairly uniform lysozyme 
activities indicated biosynthetic efficiencies for this late 
synthesized protein to be approximately equal in all of the 
phage examined. 


B. SERUN BLOCKING CHARACTERISTICS OF AMBER MUTANTS 


Absorption of anti-T4. antiserum with all of the 
antigens except one would yield an antibody preparation 
specific for that missing antigen. KnoWing the relative 
concentrations of the fiber antigens from the results 
presented in the previous section (assuming perhaps equal 
translation of all fiber genes), it would then be possible 
to asSign a relative role of importance to the fiber 
antigens involved in neutralization. These roles would 
depend on each of the absorbed antiserum's neutralization 


kinetics. 


Therefore, serum blocking characteristics were examined 
for each of the amber deficient lysates, and characteristics 
were established for the residual neutralizing antibodies 


left after such absorptions. 


Examples of the individual serum blocking experiments 
of the lysates are presented in Figures 16, 17 and 18. 
Controls included uninfected E. coli B/t ‘lysates" (§ .1.e., 


cells uninfected, but taken through the same steps as used 
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RESIDUAL ACTIVITY OF SERUM BLOCKED WITH M34 LYSATE 


20.0) a Mis ily SATE 


Qysooascon MGs; MIL, IEVySyiie 
Bon =228tO OF Mt). LYSATE 
fo veeesees 0.10 ML. LYSATE 
1.00 | See 040 ML. LYSATE 
0.30 
ay; x 
om 
= 
> 
= F 
A 0,10 
Lu + 
& a 
a. A 
0.03 
5 10 15 20 25 30 
TIME, MIN. 


FIGURE 16. Residual neutralizing activity of Anti-T4 blocked with M34 
lysate. Anti-T4 and indicated volumes of M34 lysate were 
incubated under conditions outlined in Materials and Methods. 
Fitting of data was by non-linear regression analysis for 


all curves. 
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Residual neutralizing activity of anti-T4 blocked with M35 
lysate. Conditions as in Figure 16... .Fittine ofydata was 


by linear regression analysis for all curves. 
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RESIDUAL ACTIVITY OF SERUM BLOCKED WITH DM LYSATE 
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FIGURE 18. Residual neutralizing activity of anti-T4 blocked with DM 
lysate. Conditions as in Figure 16. £, coli "lysate'' (see 
text) is shown for comparison of residual activity. Curves 
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in mutant lysate preparation), T4 WT at the same 
multiplicity as used for the lysozyme lysates, and that same 


multiplicity of T4 into a growth flask containing no Ee 


coli. 


The results of the T4 WT blocking experiments are shown 
in Figures 19 and 20. The blocking power of the phage 
diluted from a blank growth flask (Figure 20) is in close 
agreement with the standards run in the assays for purity of 
the fiberless particles . Phage numbers were calculated 
from the input multiplicity of 0.8 times the dilution 
factors for medium volume and volume taken iOLe the 
absorption. Fifty microliters of "blank lysate" were 
equivalent to 5x108 phage particles. This T4 control was 
used aS a measure of the maximum residual fiber antigen 


concentration remaining in solution after phage adsorption. 


One ml of uninfected E. coli lysate failed to block 
the neutralizing activity of the diluted antiserum. This 
control is shown with the Double Mutant blocking results, 
Figure 18. Dilution errors introduced by using different 
volumes of lysates were insignificant as all controls of 
this parameter agreed to within 5% (K values from 650 min.-! 
to, 6/75 mans"). Possible discrepancies in the data were 
also kept to a minimum by running all lysates at the same 
time using the same volumes for each run number. Reaction 
mixtures, then, had a double label to prevent confusion in 


the ensuing neutralization assays. 
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FIGURE 19. 


RESIDUAL ACTIVITY OF SERUM BLOCKED WITH TaWT LYSATE 
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Residual anti-T4 activity after blocking with wild type T4 
lysate. Curves were fit as in Figure 1/. 
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RESIDUAL ACTIVITY OF SERUM BLOCKED BY T4WT CONTROLS 
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FIGURE 20. Residual anti-T4 activity after blocking with wild type T4. 


Phage at the same M.0O.1I.:used for lysate in Figure 19 was 
added to medium containing no E. coli Bil. Indicated vol- 
umes were then added to anti-T4, and residual activities 
determined as before. P.F.U. counts were estimated from 
dilution factors only. Curves drawn as in Figure 1/7. 
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Sera blocked with lysates of the different amber 
mutants appeared to have different T4-neutralizing 
capabilities. M34 blocks the serum least efficiently at the 
lowest concentrations used (0.01 and 0.025 ml) when compared 
to other lysates, but this could be a result of the sampling 
errors introduced using these small volumes. The 
differences observed in the residual anti-T4 activity 
approach the precision limits of experimentation. Most of 
the lysates block neutralizing activity monotonically with 
increased concentrations. Edgar and Lielausis (1965) found 
changes in the slopes of the neutralizing curves of absorbed 
anti-T4, and suggested such non-linear kinetics were a 
result of contaminating residual fibers of input phage. The 
linearity of both wild type controls, notably as shown in 
Figure 19, does not agree with their observations. No 
corrections were made for residual fiber antigens remaining 
in lysates for unadsorbed phage, since extremes of this 


parameter showed insignificant blocking. 


Non-linear kinetics were observed, however, at some of 
the higher concentrations of M34 and X4E lysates used in the 
absorptions, but first-order solutions of the data could be 
employed to determine residual neutralizing titers. Edgar 
and Lielausis (1965) showed there were neglible changes in 
these non-exponential curves when exponential inactivation 
was assumed, None of the characteristic "Shoulders", found 


by Edgar and lLielausis (1965) and King and Wood (1969) in 
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their blocked sera, were observed in any of these absorption 


experiments. These "shoulders" are characteristic of multi- 


hit kinetics. 


Results of the blocking experiments are summarized in 
Figure 21. Certain qualitative correlations among the fiber 
antigens and their roles in neutralization are evident, 
Since major differences of slopes of the serum blocking 
activities can be seen. These observations will be 
interpreted later in the discussion upon the finding of 
cross-reacting fiber antigens being present in some of the 


lysates. 
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SERUM BLOCKING ACTIVITIES OF AMBER MUTANT LYSATES 
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FIGURE 21. Summary of blocking activities of all ambers and T4 con- 
trols. Each point represents the linear slope of each of 
the curves in Figures 16 through 20, as well as data not 
presented for other amber mutants shown. Lines and curves 
fitted arbitrarily by eye. 
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DISCUSSION 


The model for phage adsorption used in these studies 
was based upon formation of an obligatory reversible-complex 
prior to establishment of the irreversibly infected 
baceeriumy (Puckpact.als ,119517;) Stent and) Wollman; ©4952; 
Simon and Anderson, 1967). As outlined previously (pg 39, 
equation 7), such a model for adsorption can be described in 


the following scheme 


Ki K3 
4D kB 


K2 


P¥+ B- 


This model need not reflect the actual adsorption 
process, as most likely there are numerous other 
aptehactions f£rom.initial contact to final  sinfection-. The 
above eeceipiian. however, represents the rate-limiting 


steps for this interpretation. 


For example, the model could be more rigourous in 
handling the individual adsorption of each of the six tail 
fibers, eae if the adsorption of the first tail fiber to the 
cell wall is the rate limiting step for the adsorption 
process, this model still applies. Likewise, if k2 
represents the average probability that all six tail fibers 
have dissociated, then the above model remains 
representative of the process. Assumptions such as_ these 
greatly simplify the solutions of the differential equations 


describing this model. These equations and their solutions 
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are given in Appendix A. 


This study has made extensive use of the conditional 
lethal amber mutant, am N122. When this mutant adsorbs to 
its restrictive host, E. coli B/1, any phage reaching the 
irreversible” stage fin’ infection (ive), B*)>isilostitoe fhe 
assay, Since it is unable to form progeny. Plaques formed, 
therefore, are due to either free phage left unadsorbed at 
the time of sampling, or to phage which have dissociated 


from the [restrictive host-phage] complex. 


Such dissociation can occur in two time periods in the 
assay protocol. Tie First. Ws. anesthe dilution tube 
immediately after sampling; the second is on the plate 
during incubation. The first time period is minimized to a 
few seconds, and should, therefore, not represent a source 
of error in the calculation of free phage left unadsorbed at 
the time of sampling. The second time period has been shown 
to be of about two hours duration (Stemke, et. al Gp at 
press). Corrections for the generation of free phage on the 
plate for up to two hours have been included in the kinetic 


manipulations. 


Other workers have examined the effects of bacterial 
concentration on phage adsorption kinetics (Gamow, 1969, 
Stent and Wollman, 1952). In this study, the rate constants 
best fitting the adsorption data were consistent for all but 


the highest bacterial concentrations examined. Such 
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deviations have previously been observed for numerous other 
models, and are not significant as the adsorption assays for 
the remainder of the experiments were carried out at 


acceptable bacterial concentrations (Gamow, 1969). 


Phage T4 are neutralized with one-hit kinetics when IgG 
or whole anti-T4 serum is used as the inactivating agent 
(Delbruck, 19453; Jerne and Skovsted, 1953; Stemke and 


Lennox, 1967). The equation describing this relationship is 


oe (1) 
A linear exponential decrease in phage survival with time is 
observed upon incubation of phage with either of these 
neutralizing agents. The single-hit kinetics shown in 
Figure 22 (0) arise from the monogamous binding of the 
divalent IgG molecules to critical site(s) on the phage. 

Since time of incubation and dosage are directly 
proportional, relationships such as those shown in Figure 22 


can be used to correlate phage survival in both IgG and Fab! 


mediated neutralization. 


Kinetics of phage neutralization by Fab' are also shown 
in Figure 22 (m). Phage survival in this case is 
characterized by a "shoulder", and follows the multi-target 


equation 
SSiet. (eesti ow (3) 


with n being the ordinate extrapolate of the linear portion 
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COMPARISON OF ONE-HIT(09), 
MULTI-HIT(?) AND MULTI-TARGET (#) 
SURVIVAL CURVES. 
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Predicted survival curves of one-hit (0), multi-hit (0), 
and multi-target (@) phage neutralization models. The 
one hit model is followed by IgG neutralization of 
phage. Fab' neutralization follows the multi-target 
equation given in the text, but use of the multi-hit 
system facilitates calculations by permitting class 
distributions to be predicted from the Poisson function. 


8) PH~3K0 #0 agen a ‘ 
ta) soRer-iT UM “ain (iT a 


2aVAUD {OVALE 


91 


of the survival curve (Stemke, 1969). The value for 'n' in 
equation (3) represents the number of combinations of Fab! 
with phage critical sites necessary to completely inactivate 
the phage. These interactions are of necessity independent, 
as opposed to the monogamous binding of both active sites of 


the IgG molecule. 


The interaction of a single monovalent fragment with 
the phage tail fiber is assumed to modify the adsorption 
profile of the untreated phage. Such a modification is 
normally manifest as a decreased initial rate of adsorption, 
along with a lower percentage of the phage population 
finally being removed from the non-permissive bacterial 
suspension. Such adsorption profile changes are directly 
proportional to Fab' dosage (see Figure 5, pg 46). In these 
experiments employing Fab' to inactivate the phage, the 
summation of the characteristics of the different predicted 
classes of adsorbers has allowed consistent fitting to the 


experimental data. 


The two mechanisms described by equations (1) and _ (3) 
imply the existence of different classes of phage resulting 
from treatment with the neutralizing agents. In the case of 
IgG treatment, only one adsorbing class of phage remain 
after treatment , and this surviving fraction is assumed to 
be composed of "normal" adsorbers only. Those phage with 
one hit of IgG are unable to adsorb to the bacteria. In the 


case of the multi-target hypothesis for Fab! neutralization, 
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the surviving fraction would be composed of 2 adsorbing 
classes of phage; those with no Fab't molecules bound (pP9° 
class), and those with one hit (P1 class). Those phage with 
two (or more) Fab" molecules bound to critical sites are 


unable to adsorb (hence, neutralized). 


Total survivors, then, in this second proposal are 
comprised of the P99 fraction (0) and the P! fraction (e) 
shown on Figure 23. The sum of these two classes yields the 
~podmets andicated on the multi-hit survival curwe: (a). “20 
Figure) 22. The P2 class is shown for completeness and 


represents those phage which have been neutralized. 


As an alternative to the concept of two adsorbing 
classes of phage, these neutralization kinetics involving 
Fab' and phage could be explained by dissociation of the 
fragment permitting normal adsorption to occur. Other 
workers have found neglible effects for such dissociation in 
divalent antibody neutralization, but the univalent nature 
of Fab' might favour [complex] dissociation (Krummel and 


Uhr, 1969, Stemke, 1969). 


As in dissociation of untreated phage in the original 
restrictive host complex formation, any [phage-Fab'] complex 
which dissociates on the plate within two hours could still 
give rise to a plaque. Therefore, such dissociation could 
not be directly measured in the simple neutralization 


assays, and secondary evidence had to be obtained from 
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DOSAGE EFFECTS ON PHAGE CLASS CONCEN- 
TIONS AND RATIO OF }P%(P°+P')]. 


&-°----P® CLASS 


D-----RATIO OF 
{pe:(pe+p')| 


INPUT PHAGE 
RATIO VALUE 


% TOTAL 
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FRAGMENT -DOSAGE (HITS) 


FIGURE 23. Relative concentrations of P°, Pl and p2 classes of phage 
at different dosages of Fab'. Also shown is the change 
in the value of the ratio P°:(p0+Pl) with increasing 
dosages. Hit values were calculated as in Materials and 
Methods. Phage classes are those predicted from a Poisson 
distribution of Fab' over the input phage population. 
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experiments in which adsorption differences could reflect 
the effects of this dissociation. The results presented in 
Figures 6 and 7 (Pages 50-51) indicate [{Fab'-phage] 
dissociation does occur. The time scale itself indicates 
the degree of dissociation when compared to the kinetics of 
adsorption of the partially neutralized phage. The 
Significance of [Fab'-phage] dissociation within 20 minutes 
was questionable, although measurable differences in 


adsorption characteristics were evident over 10 hours. 


If dissociation was to account for the observed changes 
in adsorption of phage given different dosages of Fab', one 
could hypothesize that Fab' neutralized with one hit 
kinetics, and that only those phage with no Fab' molecules 
bound could adsorb. Thus, the rate of [Fab'-phage] 
dissociation (represented by Kd) would be indicative of the 
rate of regeneration of the sole adsorbing class. Assuming 
that untreated phage, or those phage with Fab bound to non- 
Enitical sites, possessed the same adsorption 
characteristics as before, the model was established to 


Pactide the set fects (of sthissikd. 


The equations and their solutions for this dissociation 
model have been developed in Appendix A. Essentially, it 
was found that for [Fab'-phage] dissociation to fully 
account for the observed changes in adsorption, the 
experimentally determined Kd had to be increased 8 to 20 


times (seer*Table III, pg’ 57). Thus, such dissociation can 
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be neglected in the Fab' neutralization scheme outlined 


above. 


The assumption that a single Fab! hit modifies the 
functioning of a single fiber follows from the proposed 
model. Further evidence in support of this hypothesis could 
be obtained if such adsorption changes were to be generated 


in an independent manner. 


Tail fibers are added to fiberless T4 particles via a 
random mechanism (Wood and Henninger, 1969, Ward, et.al. , 
1970). By examining the complementation of fiberless T4 
particles with active fibers in vitro, a second means of 


alteringa “the sadsorption scharacteritstics: sof phage was 


established. 


When fiberless T4 particles were activated in vitro 
with a lysate containing tail fibers, PFU increases similiar 
in magnitude to those reported by Wood and Henninger (1969) 
were observed. By examining the adsorption characteristics 
of these complemented phage, it was possible to establish a 
model compatible with that of the proposed inactivation 
model. The utilization of adsorption profile changes is 


probably more indicative than titer increase for the true 


activation process involved with fiber addition to 


Adsorption characteristics of the complemented phage 


particles are similiar to those of the partially neutralized 
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phage. Hypothesizing again two different adsorbing classes 
of phage (C®° and Ct) and using the same rate constants for 
each of these populations as for the Fab' treated phage 
(i.e., the P° and P! classes), good fits were consistently 


obtained for the experimental data. 


The changes from a slow to a fast adsorbing phage 
population could represent phage particles passing through 
various stages of activation, each class having a different 
humber of functionally active fibers. Adsorption of the 
phage could only occur after each particle had obtained a 


critical minimum number of fibers. 


Although exact fiber counts of these complemented phage 
particles were not established as thought possible by 
electron microscopy, division of these particles into 
adsorbing classes possessing 4, 5 or 6 fibers can be 
justified (Wood and Henninger, 1969; Gamow and Kozloff 1968; 
WaGd;,etlal. 7, 1970). From the adsorption profilesor  %these 
complemented phage, it is possible to calculate a "hit 
equivalent" value. Such a term is useful only for the 
correlation of the two mechanisms in that it determines the 
relative concentration of fast and slow adsorbers in the 
activation process, as in the Fab' inactivation process. 
Since the titer of the activated phage does not change 
significantly after 60 minutes, normalized values of total 


phage population can be used. Deviations caused by the 


normalization of data (to uniform input phage counts) at 
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times earlier than 60 minutes in the activation scheme are 
evident in the treatment of adsorption profiles in Figure 13 


(page 64). 


From this "hit-equivalent" ratio, and assuming only two 
adsorbing classes, as opposed to Wood and Henninger's 
proposal of different efficiencies or probabilities of 
infection, she is possible to calculate the relative 
concentration). of, ay €9 class, ,cf ,adsorbers. The veo? 
designation is used to represent those phage which are fully 
adsorbable with wild type characteristics. Such a class 
could have 5 or 6 fibers attached, but such a distinction is 


not possible at this level of model simulation. 


One further point in this activation model is the 
apparent discrepancy in the adsorption characteristics of 
the standard am N122 and the final complemented particles 
(see Figure 12, page 62, "500 min. sample"). These 
adsorption profile differences suggest the complemented 
particles are slightly more active than the am N122 mutant. 
Computer solutions to the rate constants for this final 
complemented phage adsorption profile are comparable to 


those of am N122, except for a two-fold increase in kK}. 


These differences in activity have been observed in 
other mutants as well, and are discussed later in this 
section. Long term storage effects on am N122 can influence 


its adsorption profile, and such effects could generate the 
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differences between the "500 min sample" of complemented 
phage and the standard am N122. This follows from the 
adsorption profile of the complemented particles being 


determined within ‘minutes of fiber addition. Also, the 


complemented phage were not subject to high speed 
centrifugation as the am N122 mutants were in their 
purification. 


The linearity of the “"hit-equivalent" value with time, 
as well as its derivation into a linear C9 generation rate, 
shown in Figure 13, pg 64, supports others workers! evidence 


for single fiber addition (Wood and Henninger, 1969; Ward, 


et. ailsone 1970) 3 This linearity suggests that fiber 
addveton’ * is ay diffusion controlled process with no 
dependency on homotrophic cooperativity effects nor 


differential rates of attachment from first fiber to last. 

These data do not exclude the possibility of a separate 
activation step, independent of final fiber attachment, 
being responsible for the changes in adsorption 


characteristics. 


Although other workers have successfully employed the 
ferritin-labelling technique previously described, few 
positive results were obtained in the present study. Lack 
of success can generally be attributed to insufficient 
specificity within the system. The techniques available 
might have yielded sufficient evidence to support the 


hypothetical situations predicted for the adsorption data, 
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had they been successful. Favourable evidence, even for the 
fiberofcountaqsone wild itypel (fh andefiberless Tis particles 
could have been used to correlate the activation process 


With the neutralization model. 


Individual roles of the fiber antigens may be beyond 
the resolution of the ferritin-labelling technigue. 
Evidence for binding of the anti-rabbit IgG to individual 
fiber antigens would require homogeneous antibody 
preparations, specific for each fiber antigen to be 
examined. Non-specific protein binding to the grid surface 
may tend to obliterate the non-covalent IgG-fiber antigen 
interactions as well. The technique would undoubtably 
suffer from extremes in salt concentrations on the grid 
surface (during sample preparation and drying) with respect 
to the neutralization reaction, and any correlation between 
kinetic and electron microscopic observations would have 
been seriously limited. The resolution required for 
locating specific antigens on the fibers by the technique of 
ferritin-labelled antibodies might also be limited by the 


size of the ferritin conjugate. 


Others have been able, however, to locate fiber 
antigens using specific-antibody techniques (Yanagida and 
Ahmed-Zadeh, 1970, Hoglund, 1967). The antibody 
concentrations employed in those studies were much too high 
to correlate their observations with neutralization data. 


The antigenic regions of interest on each fiber are of the 
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order of a few hundred Angstroms or less. Coupled with the 
size of the conjugate, individual neutralizing antibodies 
might be located using this technique at the low 
concentrations required for kinetic interpretations of 


neutralization. 


Functional differences of the fiber antigens in the 
neutralization process were investigated by examination of 
any adsorption differences among the various amber mutants 
raised under permissive conditions. Initially, adsorption 
characteristics of the amber mutants were determined to 
correlate the mutation site with adsorption function. These 
results, shown in Figures 14 and 15 (pages 66-67), and 
described by their rate constants in Table IV (page 68), can 


be interpreted on such a functional level. 


The amber mutants X4e, M35, M36, and M23-10 all adsorb 
less efficiently than am N122. M36 and X4e adsorb with 
similiar kinetics, both being the slowest of normal 
adsorbers examined. Since gene 36 involves the hinge region 
of the fiber, an amino acid substitution in this region of 
the protein could influence proper functioning of these 
fibers in adsorption. A specific example could be when the 
fibers change shape and act to relocate the phage baseplate 
in closer proximity to the cell wall. Similiarly, the 
fiutation in gene 35 (which acts to modify the’ BC half fiber 
prior to attachment to the A half-fiber) could influence the 


hinge region of the completed fiber. 


as 


ad : ~ 7 7 se 
et? d¢iy telco) Poy, 10 2fotrapi a 
LA ie v0 ~ 
eas hod cere vitbelfearoen Deut edb: erenrrares ga Io" Rw 4 
wok fy * ouphaiawt ; unian 86 beseoo] of gsapies 


- : ‘ os dis amie ie tach 
tefesnt Srtenet 40%> fealupss etoteeneaeedco 


; Pe ek bd 

$i " $j 7 ae ¥ 2iteave 24 mt¢sshiows DON 
; { . 

a ig Tee : oR md pat sor tqaoe bs © yas 

rigse ta sok rego tevin tec tTehoo beostsz 

- : 

itt ’ Le eapem feesens 64D 

oe? ; co eit? siete 

= ies} 2f s2700RR wh é = <2 22a 2 

(as ' vd todizoe0b 

sya Lome: anes ve donesagat ad. 


* 
— 


_ han 


' ee ee, 229 Sond aeadiur ttm ae 


it hh eS de it eA 
1¢ + eae 

44% ind — an 7? i F fiate 

pms 


; ) wih plow) 2E ire. « beniages wae aTOZDE 


‘ Ti fi 4208 7 
ah? yi Tod ta - ann int? \ furs 
a 
ied v bites Giodaiurdse toaye 0 | sac) eqz cel 


ars a 

Solvjegsd tusiu Sit erepotot of =. tin» oc ile anaes eT 
| eae 

ag? lio i rate Liev /Lieo hha: ag “(iene pode 14 


_ amg 
wit? v98 ae 4 > Bol . See ; 
atun 24 aye Yt Liem i % ape 


sd welts ss co aad at} hcg o> un er 


goz- Sil — ae Ka Radin: ‘ 


ae , BD Ve 


a 
onl *\ 


101 


The M34 stock amber mutant adsorbed slower than the am 
Niz2 standard. One explanation for this could be that the 
amino acid substitution in the 34 gene product results in 
interference with the attachment of the proximal half-fiber 
to the baseplate following fiber completion. Interference 
with some role in the triggering mechanism responsible for 
the initiation of sheath contraction could also arise from 


the amber coded insertion. 


The M37 mutant adsorbs significantly faster than am 
N122. Since the location of this amber mutation (N91) 
within gene 37 has not been found in a search of the 
literature, it would be reasonable to predict that its 
resulting amino acid insertion in the product of gene 37 is 
at a non-critical site, and the stock mutant possesses 
"Constitutive" properties which permit it to adsorb more 
efficiently. One explanation for the difference in 
adsorption characteristics could be that the stock M37 
population has a higher percentage of phage possessing their 
optimal fiber complement, as opposed to a lower percentage 
within the am N122 stock, due to aging and storage effects. 
Such effects have not been investigated within these 


mutants, however. 


Examination of the computer solutions to the adsorption 
profiles for the various amber mutants leads to many of the 


same explanations for the differences observed in the rates 
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of their adsorption. The slow adsorbers are characterized 
by “*a 8 10-fold mecrease in the initial binding rate, K*, 
suggestive of misaligned fibers or incomplete fibers 
attached to the baseplate, as opposed to an incomplete 
complement of fibers, which would be characterized by an 
increase in K2, Those stock mutants with adsorption 
profiles only slightly slower than the am N122 control show 
a Slight increase in K2, suggestive of less stable phage- 


bacterial intermediate complexes. 


The rapid adsorption characteristics of M37 can be 
interpreted from the 10-fold decrease in K2 (a decrease in 
the rate of desorption of the phage from the host bacterium) 
as a more stable complex which is resistant to dissociation. 
Slight modifications to the fibers resulting in a more 
efficient binding process could be responsible, or, perhaps 
as suggested before, the binding efficiency would be higher 
through the interactions of more fibers on a higher 


percentage of phage. 


These differences in adsorption characteristics of the 
various mutants likely arise from the differences in 
position of the termination codon in each mutant. Similiar 
to the different adsorption functions of each antigen, then, 
neutralization functions are probably different among the 
fiber antigens. Further insight into the actual mechanism 
of neutralization would require examination of the 


individual roles of the fiber antigens. The method of 
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investigation in this study has been limited to the 
determination of the serum blocking power (SBP) of lysates 


fromrnatant-infected Es. coli 871% 


Historically, SBP has been used as an indication of 
fiber antigen concentration (Burnet, 1933; Edgar and 
Lielausis, 1965; King, 1968). Upon examination of numerous 
parameters involved in antibody-antigen reactions, it 
becomes apparent that this blocking power does not 
hecessarily reflect the absolute antigen concentration 


within the lysate. 


Molecular size and accessibility of the antigen is of 
prime importance to individual antigen-antibody binding site 
interactions. Also of importance are the various affinity 
coefficients of antibodies involved specifically with 
neutralization. The immunogenicity of each fiber antigen, 
therefore, plays a significant role in determining the 
characteristics of the neutralizing antiserum which is 


"blocked" with the lysates. 


Therefore, several questions can be raised concerning 
the actual type of fiber-antibody reactions which lead to 
neutralization. For example, if a large number of low- 
affinity antibodies (monovalent, for simplicity) bind to a 
fiber, could they have the same effect as a single high- 
affinity molecule specifically bound at a more critical or 


sensitive region? Also, does the binding of low affinity 
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antibody to a critical antigenic region influence the 
banding. "of tether >tantibddies «eto | seitherectitical sites on 
other fibers \orsnon-critical » sites ‘on -(the» same) fiber? 
Acising «£rome*this» last) question» is the bimpottances ‘of 
divalent -EgG binding to. one or» two fibers; *<since | both 


combining sites are monospecific for the same determinant. 


It is not yet clear if a distinction can be made as to 
a seeue tune being more susceptible to neutralization based 
on its function as opposed to its accessibility. The hinge 
region of the fiber (B antigen) would be a prime target 
functionally in a hypothetical situation due to the 
stereochemical hindrance imposed by a single fragment. 
However, the larger proximal half-fiber (A antigen) would 
probably bind many more antibody fragments of the same 
relative affinity as the anti-B fragments due to the larger 
size and accessibility of the gene 34 product. Both sree uld 
feasably cause the same degree of neutralization, but would 
demonstrate very different kinetics if observed 


independently. 


Phus, in “any given: instant»»in> neutralizatzon,;® the 
prObability) of anlantibody binding’ to the Warger santi gen 
would be greater than that of an interaction with a smaller 
antigen. Arising from these differences in interactions 
between phage and neutralizing antibodies are the multi-hit 
versus the multi-target theories presented in Figure 22, 


page 90. The multi-hit theory is based upon numerous 


aol 
aa ‘pa 


- £ — ’ 


saat 


a 


= 7 cis 
fo #etae er 


va 


advo 


- 


5 r 
ye 
Te 


. —r 
eauGki. cnam! G49 one! “Geri oo sm i ia a os 
te wmAtzognt. Git, sf ae ery aifs 202% — 
. 7 a 
d4u¢ Sone yeasii2? awe 6©¢sl US we pathatd 908 oko oad 
thin rete en ai* #01 oS thoaqeanoe ete crtia pa Snne 2m0 
a 
n? ‘ ( uga adifpadract w Sh) aeeio Pay fon - ee 
se c %% j | at | i 2t@e7 upa Tine ois & ous wade 
ait ; a °) Gf, Pereqgqgo 26 s02s908 | te 
; - < i ; (qonrr oF } yer ry on? to aR 
J a ee 
4 Y 3 Ti ’ i iv i} 8 as (Li snot sone : 
, sin) = s§onasbitec fsotwed 2097092 
; kd 
j i ~ 4 f + 5 ’ a! fF ode | 
= 
a? : ant I = - Te ’ | om Yee baid 
a 
= — 
ad ‘ z -~EIGS ORT 5 yeonttte owkentes 
yaaa 
igo5 (fl oat of Bano edt To yoriidengeoon bos sxte 
en te 
r Te _— : 
, 202 syuian a6 @¢ ee ear ‘? 1 BBS: 4 
4 Sarena 
yr amis ane eT snes ee _seaeanoe 
= — ; 
+¥h amt a0 Oil 
: > iy 
. a | : 
, i? -7) jqecndk (ui in « 
fotice tle it k a ay 5 4 
iy f Ong. al be 2 


‘ 
iol fcews..¢ lhe aprenetasar ow 


erogereT sity 
ao than a azb. 7 bt id ve 


> aro 
ie hea io ee 


aod higse Jct a 


ve 


(de. of halhald whowkias au 
_ | 


105 


antibody interactions. The multi-target theory arises from 
the distinction of differences in antigenicity of each of 
the fiber antigens. Thus, a multi-hit theory implies the 
number of neutralizing antibodies bound to the phage, anda 
multi-target theory implies the number of targets (i.e., 


fiber antigens) which must be involved. 


The only means of examining fiber antigen levels in 
these Myeates has been through blocking levels. Since there 
is no direct assay for the amounts of gene products in the 
lysates apart from the blocking activity, antigen levels had 
to be determined through indirect means. It was necessary 
to examine by biological and biochemical means any 
differences QL the amber mutants studied in their 
efficiencies of transcriptional and translational processes, 
and to correlate this with the fiber antigen concentrations 
in the lysates which were being used to block the anti-T4 


serum. 


Just as efficiencies of suppressor aACTLVIEY are 
different in permissive host bacteria (Sut), efficiencies of 
adsorption and coefficients of transmission are different in 
amber mutants (Krieg, 1967). That is, differences in 
efficiency of the transcriptional processes of the amber 
mutant can be observed as differences of growth rates and 
specific “activities" of the different mutants. As such, 
they can be expected to exhibit different rates of protein 


synthesis, hence different antigen concentrations under 
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identical growth conditions. 


In the Sut host, both incomplete and complete 
polypeptide chains are synthesized. The efficiency of 
complete polypeptide synthesis is determined by the relative 


frequencies of termination and substitution. 


Likewise, in the Su- host {( E53 coli B/1), these 


problems: arise in the effective termination of the 
polypeptides. To some extent, the reversion rate offers a 
relative indication of the background "contaminating" fiber 


antigen concentration in the deficient lysates arising from 


leakiness. 


Tn the case of the amber phage mutants, by controlling 
the effective adsorption multiplicity (i.e., the actual 
number of infected host bacteria, rather than input phage 
per bacterium), and using the same host preparation, the 
burst size (on permissive host) should give a means of 
comparison of the general rates of antigen synthesis of the 
various amber mutants in the restrictive host. It was 
possible to eliminate the problems in determining antigen 
concentrations in the lysates by establishing uniform 
bacterial concentrations prior! to infection; and uniform 
infected cell numbers for each of the mutants. Thus, “by 
effectively "normalizing" infection for all of the mutants, 
it was possible to interpret uniform lysozyme activities in 


Gach “of othe amber lysates (table VV; page” -73) as an 
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independent indication of uniform protein synthesis. This 
suggests that fiber antigen biosynthesis in the mutants is 
uniform as well, and that the lysate blocking experiments 
Summarized in Figure 21 (page 86) could be interpreted on an 


empirical basis. 


Major differences of slopes of these serum blocking 
activities were evident. Obvious differences in the wild 
type bysate blocking activity and the amber mutants is 
indicative of the larger amounts of antigen produced by the 
more efficient wild type infection. Lower fiber antigen 
production in the amber mutants is most likely due to 


effects of polarity. Such effects will be discussed later. 


Intermediate slopes of M35 (A) and M36 (gw) lysates 
suggest insignificant roles in neutralization for these two 
products, since their absence (in the lysates) has the least 
influence on decreasing the serum blocking activity of all 


the lysates. 


The remaining curves and straight lines of M34(.) and 
i af (0) and all multiple mutants are difficult to 
differentiate guantitatively. The X4e mutant lysate fails 
to block neutralizing activity (i.e., highest residual K 
Yabues after absorption with this lysate), ‘suggesting. this 
mutant's defective antigens play the largest role in 
neutralization. These observations agree with others! 


conclusions that this mutant fails to produce any fiber 
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antigens (Edgar and Lielausis, 1965). 


M34 seems to have a slightly lower activity in blocking 
anti-T4 when compared to M37, suggesting that the gene 34 
product plays the larger role in neutralization. The double 
and triple amber mutants have intermediate values when 
compared to X4e and M37, in this series of blocking curves, 
which would not be expected since they are comprised of 
various Samui tege of the M34 and M37 mutants. One would 
expect lower amounts of blocking antigen being produced due 
to the presence of two or three termination sites. No 
explanation for this observation can be offered at this 


time. 


Maximal wild type fiber contamination remaining in 
lysates from phage left unadsorbed to bacterial host cells 
was determined from simple dilutions using the same volumes 
as for’ ‘the lysates. From the differences in position of 
this control curve and the activity curves of the mutants in 
Figure 21, no corrections had to be applied to the residual 


neutralizing activity values. 


Edgar and lLielausis (1965) suggested input fibers 
accounted for about 1% of the blocking activity of the 
hySatesy land such input fibers were responsible for the non- 
linear neutralization curves of serum blocked with higher 
concentrations of fiber antigens. Data presented in this 


thesis. (Figure 20, pg) 83) at relatively high input fiber 


ae F tiem pritontl * aelges sik fen Sanit oF = 
in houdaqens site pads gpnt2 Sbeatie 4 -tan _ 
‘tugs .#@°, daeekoon TES bow BER. eat Sp csotrenetens asada 

ait ‘RURUHOT! Hated VePh eas daMooly. to. steven 20ER sobnae i 


ot 0s gngtda’~ weksenincSt 632) Yo, OV? - te iste heme 


pos 9 feeeste o4 dea abiseefande shit 


if onkusgers fh Séeiec Item _—es eqye tirw Lonieen 7 - 

eden uscd tet ros o¢duae hédzcbieed tobe wenihy, nore semen 

wvtev! esce ott tte sda bswiTkh eigete = bon terered aay 

te nultinag\ es aiseeretlh adtifort  .essdeyl See ‘Foh) ae, - 

i chub tey odte S vadaith’ 7 2yeaae tb? . Str eV9uN8 loataos! _ 

aS itiod| (44 o> sei taga oa) 02 Abd OOP kT mae oe yh wr al 
apley eaietiee pate 


Pa equ t poe ie Saosin bane 
hy ibaa! alae aie sat Bh ae 
ss scot sacra 


109 


concentrations does not support their conclusion. Also, 
their observation of "shoulders" in neutralization curves of 
S36 and S37 (antisera absorbed with the respective defective 
lysate) indicate 4 Or 5-hit kinetics from back 
extrapolation of their neutralization curves. 

Neutralization curves of similiarly blocked sera in this 
Study again Giifer from their results. These differences 
are most likely due to the different absorption and 
precipitin protocols employed. Their lysate-antiserun 
incubations were Garried owt at S8°C for 2 hours: 
conditions for precipitation in this study were an initial 
one-hour incubation at 379C, then 24 hours at 0-4°9C, then 
high speed centrifugation. Alteration of fiber antigenicity 
under the two different conditions is a distinct 
possibility, and could lead to the different residual 
neutralizing activities observed. More likely, the removal 
of specific antibodies (through centrifugation of the 


complexes) in this protocol leads to the differences. 


Two major factors have prevented definitive conclusions 
from being established in the question of neutralizable 
antigens and their involvement in the phage inactivation. 
Of primary concern is the significance of polar effects of 
amber mutations found in the mutants investigated. The 
amber mutation, if strongly polar, depresses the synthesis 
of gene products co-transcribed distally (Snustad, 1968, 


Zipser, 1969). Two important polar regions of the fT4 
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genetic map are both in the fiber cluster, with a strong 
gradient existing between genes 34 and 35 and genes 36 


through 38 (Stahl, et.al. , 1970; Beckendorf and Wilson, 


G72). 


Of significance to this problem is the high degree of 
re-initiation which must occur in these two co-transcribed 
cistrons, whose operators are located on the proximal region 
of each (Reékendoxt and Wilson 1972). Of major consequence, 
then, is the unanswered question: To what degree can 
reinitiation of transcription occur, leading to polypeptides 
coded distal to the amber site? The sensitivity of the 
serum blocking tests, in order to differentiate fiber 
antigen roles in neutralization, does not permit any valid 
conclusions to be drawn from these experiments utilizing 
amber mutant lysates in which rée=initiation after 


termination may or may not have occurred. 


Also of concern, more obvious than the first problem, 
is that of incomplete amber polypeptide fragments remaining 
in the lysate at the time of assay. The relative size of 
these fragments can be estimated from their map position, 
except for the polarity effects imposed as outlined 
previously. Different lengths of fragments can arise froma 
secondary effect of the termination, that of non-specific 
enzyme degrading systems which could possibly act on _ the 
amber fragment after (terningtion “but prior “to sassay 


(Goldschmidt, 1970). 
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From evidence published on a B-galactosidase amber 
hitant of fs coli (Goldschmidt, 1970), half lives of the 
incomplete polypeptide fragments are about 7 minutes. Thus, 
depending again on the map position, concentration of these 
contaminating amber fragments in the lysate can vary as to 
exact time of infection, transcription, and lysis. Arising 
from this aspect is the problem of asynchronous infection 


throughout the bacterial population. 


From the estimated half-life of the the B-galactosidase 
fragments of 7 minutes, about 5% of the initial fragment 
concentration would still be present, allowing for about 3 
half-lives between transcription of the nonsense codon and 


lysis. 


Goldschmidt also hypothesized differential rates of 
synthesis of the fragments as well as the preferential 
(though not specific) enzyme degrading system for amber 
fragments. Thus, concentration of each fiber antigen and 
components thereof could be dependent aiso on this 
relatively unknown parameter. If the differential rates of 
synthesis of the amber fragments were countered by the 
enzymatic degradation prior to lysis, it would still be 


possible to interpret the blocking data presented before. 


King, («in «f19719° could «find yd) pevidernces-<fore amber 
fragments in lysates using disc gel electrophoretic analysis 


(King and Laemmli, 1971). Others have found that amber 
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polypeptides did not absorb antibodies corresponding to 
their gene products (Yanagida and Ahmed-Zadeh, 1970; Edgar 


and Lielausis, 1965). 


In the amber mutants examined, however, there is no 
evidence to suggest the fragments disappear entirely. Amber 
fragment isolation from mutant-infected cells has proven 
useful in demonstrating colinearity between genetic map 
position and gene product synthesis (Sarabhai, et.al. , 
169, “Wilson, etal. , 1972; Beckendorf, et.al. ,, 1973) - 
Different lengths of cross-reacting fragments would be 
indicated by the different position each amber mutation 
occupies in its respective gene. Further complications are 
apparent as to the actual time of translational interruption 
as distinct from asynchronous infection; the later the amber 
fragment termination, the larger the fragment produced but 
the shorter the time for degradation. The larger fragments 
would more closely resemble the wild-type structures as 
well, and probably be more resistant to degradation. Hence, 
amber mutations found late in a gene would yield a 


disproportionately larger fragment than those found early, 


even though degrading enzymes might be present. 


In summary of these blocking experiments, then, the SBP 
of each lysate can be described as a complex monotonic 
function of crude lysate concentration. One must be aware 
of the inability to determine the absolute concentration of 


fiber antigens by this technique due to several factors. 
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Primarily, differences in antigenicity of each of the fiber 
antigens have not been established. It is also important to 
recognize the presence of contaminating amber polypeptide 
fragments in the blocking lysates. Each of these fragments 
is Unpredictable in its concentration due to the effects of 
polar transcription, position of the amber lesion in its 
respective gene, possible differential rates of fragment 
Synthesis, and the possible presence of a non-specific 


enzyme degrading system for these fragments. 


Thus, it appears that lysates used in these blocking 
experiments are not specifically "pure" enough for the 
problem under investigation. Unless amber mutations located 
early in each gene, each with a well-defined and predictable 
polarity effect, are used in lysate blocking studies, no 
Significant distinction in roles in neutralization can be 
determined from such a technigque. To gain further insight 
into the mechanism, it would seem necessary to employ highly 
purified antibody preparations of uniform affinity, along 
with purified fiber antigen preparations as elements of 


investigation. 


Nevertheless, genes 34 and 37 do seem responsible for 
the -karger portion of . the serum: blocking activity of \the 
lysates examined. This follows not only from the actual 
blocking data presented in the results section, but perhaps 


also from the larger molecular sizes of these antigens. 
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These studies concern the mechanism of neutralization 
of phage T4 by specific antisera and univalent antibody 
fragments. The primary object has been the development of a 
model describing the effects of Fab' binding to T4 tail 
fibers, with its concomitant influence on normal phage 
adsorption kinetics. Through the use of a conditional 
lethal amber mutant adsorbing to its restrictive host, it 
has been possible to show that partially neutralized phage 
adsorb with kinetics consistent with those of a mixed 
population of slow and fast adsorbers. These observations 
support the two-target theory of phage inactivation by Fab'. 
Fab' dosage, defined from the degree of neutralization, can 
be used to predict different classes of phage Wa ch, 
respectively, no molecules bound (0-hit), one molecule bound 
(i-hit) and two, or more, molecules bound (neutralized). 
Experimental adsorption profiles could be consistently fit 
to predicted characteristics of the summation of the two 
adsorbing classes (P° and P! classes) over the range of Fab!' 


dosages examined. 


{[ Fab'-phage] dissociation was evident since partially 
neutralized phage preparations regained the adsorption 
characteristics of untreated phage over a 10 hour period. 
The apparent rate of dissociation could not, however, 
account for the observed changes in adsorption caused by 


Fab! neutralization, and such dissociation effects were 
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considered neglible. 


Secondary evidence in support of a single Fab'-fiber 
interaction causing the adsorption changes was gained from 
in vitro complementation of fiberless T4 particles with 
active tail fibers. Using rate constants derived from the 
Fab' experiments, the adsorption data of the complemented 
phage particles suggested activation proceeded through 
Glasseseditfering by a) single fiber. Results consistent 
with adsorption differences of the final two activation 


stages arising from functional differences again support the 


two-target theory of neutralization. 


Individual roies of the numerous fiber antigens were 
examined in an attempt to further elucidate the molecular 
basis of phage inactivation. One approach was to locate the 
specific "target" of neutralizing antibodies to a specific 
Begion. or «régions: of. the,tail fibers’, (For this purpose; 
numerous amber lysates, deficient in one or more fiber 
antigens, were reacted with antiserum and the residual 
neutralizing activity of the partially absorbed antiserum 
was determined. Unambiguous interpretation of the results 
could not be made, however. In part this may have been due 
to indeterminant quantities of cross-reacting amber 
polypeptide fragments in the lysates. However, antigens 
coded in genes 34 and 37 appear to play the largest role in 


blocking specific neutralizing antisera. 
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APPENDIX A 


1. First Hypothesis - Two Adsorbing Classes of Phage. 


The model describing the adsorption of the two classes of phage 


resulting from Fab' neutralization has been developed throughout the text 


of this thesis. Such a scheme can be represented as: 
1 
NG onl eae ae Ree a6 
0 —————— 
1 
K 
Z3 
7a K * 
en K Cd Sea : (2) 
if _——_—__—_ 
we 


Calculations of the concentrations of free phage (either % or 
o,) and of the complexes follow the same mathematical derivations for 
both equations (1) and (2). Adjusting the rate constants describing the 
two equations to experimental data allows for the different concentrations 
of the two surviving types of phage to be calculated. These rate constants 


were best fit to the data by minimizing the value F , where 


DE Ce} a2 
F = ee 
pe DP(e)! 

DP(c) represents a calculated data point of total survivors at 
time <0 ,. and DP(e) is the experimental value of the total number of 
survivors at that same time, (i.e., the number of plaques at time t). The 
ratio of the initial number of the two different adsorbing classes could 


also be fit to the experimental data. Adjustments to the initial rate 
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constant estimation were by 10% and 3% positive or negative increments. 


The best fit curve to the data was generated by calculating 
Survivor concentrations (i.e., {$5 oF o,} ) at thirty second intervals for 
the duration of the experiment, using the best fit rate constants. The 
Following mathematical derivations show the calculations involved in deter- 
mining concentrations of either or CLs sOyenand [$5°8] or [¢,°3] at any 


ah 


time, t 


The above equations (1) and (2) can be summarized into one 


adsorption scheme; 
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22 


1 * 
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OE og de Nesememenstemcat | S18 rereomrane oe (3 
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2 
which can be used to represent the two adsorbing classes (differing only 
by the adsorption rate constant values) of phage in either the Fab’ treat- 
; 0 iL : F : : 
ment (i.e., P and P= ), or the in vitro ‘complementation experiments 
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(ive. the or and CG classes). 


The differential equations describing the above scheme (3) are: 
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2. Second Hypothesis - One Adsorbing Class of Phage. (Fab' Dissociation 
Model) 


The model describing phage being unable to adsorb with only 


one Fab’ fragment bound can be summarizedin the following scheme. 
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where Yo and Y represent the 'zero-hit' and 'one-hit' classes of 


phage. Note that ¥y is not able to adsorb, but decays to an adsorbable 


"Zero-hit' phage class via the dissociation of the Fab' molecule. 


The differential equations describing this model (4) are: 
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ce [¥5] =e he [¥5° Bl] = Y , and [¥] = Z , then 
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Thus, the eigenvalues are: 


A = Ay or » as before in system (3) 


and 


Eigenvectors, then, corresponding to } = hy » require the solution to 
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Applying the initial conditions in order to determine the coefficients 
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3. Simulated Phage Adsorption Profiles. 


The following data can be assumed from best fitting values 
obtained from the experimental data presented in the Results section of 


this thesis. (All data on a Tes basis) 
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exclusive in concept.) 


The first hypothesis (schemes 1 and 2) was used to generate best 


fit adsorption profiles of phage survivors from the above applicable rate 


constants. TE Xo and Xo are the initial concentrations of %% and 
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phage population that is viable, and a is the fraction of survivors retain- 


ing the adsorption characteristics of the untreated phage. Therefore, 
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be calculated from this expression, since all of the coefficients can be 
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adsorption curve for [Y.] . By adjusting the value 
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employed in the simulated adsorption curves, until coincident 


curves of the first and second hypothesis were obtained, it is possible to 


obtain an estimate of the value of the rate of dissociation of the Fab' 


phage complex which would be required to explain the actual adsorption data 


by a one-hit theory of neutralization. 
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